
103 006 









Plate I: wSiMON Nkwcomh ( 18.^5- 190^^) 

(Crow-quill interpretation of an original photoj^rapli by Mr. William 

Henry) 





THE GREAT 
ASTRONOMERS 



ILLUSTRATED BY THE AUTHOR 


1930 

NEW YORK 

SIMON AND SCHUSTER 



ALL RIGHTS RESERVED 

Copyright, 1930, by Henry Smith Williams 
Published by Simon and Schuster, Inc. 

386 FOURTH AVENUE, NEW YORK 
PRINTED AND BOUND IN U. S. A. BY 
THE HADDON CRAFTSMEN, INC., CAMDEN, N. J. 
DESIGNED BY ANDOR BRAUN 



TO 

MY FRIEND 

SPENCER ARMSTRONG 




CONTENTS 


Foreword: A Word of Fair Warning 

Prologue: You Are Invited to Take a Preliminary Crihse 
IN Starland 

Round the world in a day — A trip to Neptune — 5,000,000 years 
to the nearest star — Millions for units — A magic airplane — A 
real speed-craft — First we cruise round the solar system — Looking 
back on the ''home cluster” — Circling the Milky Way — Nebulae 
off to starboard — 100,000,000,000 stars on view — Upside-down 
and^ no harm done — Homeward bound — We have flown backward 
in time — The earth in the stone age — Today is also yesterday — 

We witness Pyramid-building — A star-land movie — This is not 
Einsteinian Relativity — Home again in space and time — Another 
voyage into the past 


BOOK I 

THE OLD HEAVEN 

I. The Magic Feats of Eratosthenes 

On a housetop in Alexandria — Watching the sun’s shadow — Meas- 
uring the earth — Eratosthenes measures the ecliptic — Finding the 
latitude of Alexandria — The distance of the sun — The test of 
Aristarchus — Two great imaginative workers 


II. Forerunners of Eratosthenes 

The city of the Ptolemies — Eratosthenes as librarian — Thales, first 
Greek astronomer — Pythagoras and Anaxagoras — The epicycles 
of Eudoxus — Eg>TJtian and Babylonian conceptions of the heavens 
— The Egyptian interpretation of the heavens — The Egyptian 
cosmology — The astronomy of Babylonia 

III. Hipparchus, “ihe Lover of Truth” 

Death of Eratosthenes — The coming of Hipparchus — A great 
observer — The sun’s eccentricity — The sun on a cartwheel — 
Authority versus progress — A missed opportunity — New measure- 
ments — A new star — Precession of the equinoxes explained — How 
precession was discovered — The famous star chart — On the 
shoulders of Giants — Last and greatest of the star gazers of the old 
era 

IV. Ptolemy and the Almagest 

Alexandria under the Romans — Ptolemy and his contemporaries — 
The famous “Almagest” — Origin of the name — Scope of the work 

V 



vi 


CONTENTS 


— The debt to Hipparchus — Ptolemy’s geography will aid Columbus 
— Influence of Ptolemy’s system 

V. Albategnius — ^Alhazen — The Arabs Hold the Torch . . 86 

Caesar’s reform of the Roman calendar — The scene shifts to the 
East — Measuring the earth — Albategnius — Cordova a centre of 
influence — The mistaken idea of “Trepidation” — Alhazen explains 
twilight — The Arabian cosmos 


BOOK II 

ASTRONOMY IN THE MEDIAEVAL PERIOD 

VI. The Christian World — ^Twelve Centuries or Progress 

(325-1543, A. D.) 99 


BOOK in 

SLOW DAWN OF THE NEW ERA 

vn. Copernicus Enthrones the Son 105 

In the day of Columbus — Use of the cross-staff — The world still 
motionless — The current cosmology summarized — I'hc coining of 
Copernicus — The man Copernicus — Long decades of pondering — 

The Greek work on the revolution of the earth — Details of the Coper- 
nican thesis — Copernicus dies opportunely 


vni. Bruno the Protagonist 122 

A born iconoclast — Bruno at Geneva — The shade of Scrvclus” - 
Unwelcome in Paris — Bruno at Oxford — The old Iradition lingers 
— A stormy petrel existence — Finis in Italy 

IX. Tycho Brahe the Great Observer 128 


A great battle poem — The sun stands still — The sun moves back- 
ward — As one having authority — Tycho cannot accept the ('oper- 
nican Doctrine — His bizarre compromise — Nevertheless, a gn^at 
observer — Advance in lunar theory — A miraculous new star ■ 

The last great astronomer-astrologer 

X. Ejepler the Lawgiver 14 r 

Coming of Kepler — The disciple of Tycho — Pope Gregory’s reform 
of the calendar — Kepler’s first book — Mystic theories that led to 
laws — The three famous laws — Sops to Cerberus- Wherein the 
ellipse differs 

XI. Galileo and His Telescopes 155 

Galileo — The discovery of the telescope — The mystery of the 
Milky Way is solved — Jupiter has moons, and the .sun spots! - Tlie 
famous “Dialogue” — E pur si mime — The voice of authority — 

Logical Pope Urban 



CONTENTS Vii 

XII. Horrox — Cassini — Flamsteed — Expanding the So- 

lar System 165 

A cainera-obscura sun picture — A young clerical astronomer — 

Looking for the transit of Venus — The planets and the weather 
— The first observed transit of Venus — Inspired guessing — The 
solar system magnified — Parallax observations — New parallax 
figures — Influence of the new knowledge 

XIII. The Coming op Newton 180 

The boy Newton — The composition of white light — The law of 
gravitation — The apple story — The theory put aside — A new 
survey gives correct data — The Principia published — Opposition 
to the new law 

BOOK IV 

E FUR SI MUOVE 

XIV. Huygens — Hevelius — Roemer — What Better Tele- 

scopes Revealed 193 

The pendulum clock of Huygens — Youthful promise of the inventor 
— A new type of telescope objective — The first accurate clock — 

Bigger and better telescopes — The Micrometer developed — The 
lament of Hevelius — The reflecting telescopes of Newton and 
Casscgrainc — Cassini discovers division in Saturn’s ring — Roemer 
measures speed of light 

XV. Edmund Halley Unmasking the Comet 202 

The personality of Halley — The predicted transit of Venus — The 
transit-parallax method illustrated — The sun’s distance — Un- 
masking the comet — Comets as fire-balls of wrath — How Halley 
challenged the comet — New sights for telescopes — Proper motion 
of stars — Halley the Rationalist — Opposition begins to weak^ — 

Theory versus demonstration — Authority versus ^'demonstration” 

XVI. James Bradley — The Stars Nod Their Verdict ... 222 

The chimney telescope — A strange chimney view — A star change, 

but not parallax — Other stars partake of the same motion — A 
sailboat gives the clue — The explanation of aberration — Eighteen 
years to prove nutation — Further studies of proper motion — What 
aberration proves — Elusive parallax — The stars are enormously 
distant — Retrospect and prospect 


XVII, Wright — Lambert — Maskelyne — From Milky 

Way to Earth-core 237 


Bradley the observer — Wright the gcneralizer — The grindstone 
theory of the universe — The system of systems of Lambert — The 
cosmos of Kant — Maskelyne weighs a mountain — And proves 
that the earth has a solid core 

xviTi. Hersciiel Expands the Universe 251 

Hcrschcl, the cider — l^rom musician to astronomer — A maker of 
reflecting telescopes — New worlds discovered — Astronomy be- 



via 


CONTENTS 


comes a court function — Exploring the universe — The stars are 
suns — Double stars — The scheme of the universe — Origins — The 
sun moves — The Apex of the sun’s path 

XIX. ELant and Laplace — The New Genesis 265 

Kant’s theory — Laplace and the nebular hypothesis — The first 
comprehensive mathematical theory of world origin — Making the 
generation star-minded — E pur si nmove — The hidex was wrong! 


BOOK V 

THE ASTRONOMY OF PRECISION 

XX. PiAzzi — Olbers — A Galaxy oe New Worlds 277 

Hegel still holds to the number seven superstition — The eighth 
planet gives the answer — Bode’s law — Piazzi’s discovery — A 
great physician-astronomer, Olbers — His planetoids — Twenty- 
hour work day — A mathematical physician — Devises a new calcu- 
lation of cometary orbits while a student — Characteristics of tlic 
new planets 

XXI. John Herschel — Struve — Bessel — Sounding the 

Universe 288 

The younger Herschel — Sir John Herschel at the Cape of Good 
Hope — From counting-house to observatory — Bessel announces 
his victory — Three friendly rivals, Henderson, Struve, and Bessel — 

Bessel’s brief” three-year period of testing — Many motions of the 
earth — Varied motions of the stars — Difficulties overcome — 

What the achievement meant — Dark stars discovered — The 
astronomy of the invisible — Star distances illustrated 

XXII. Adams — Leverrier — Darwin — Completing the So- 

lar System 309 

Adam’s project — The unseen planet located mathematically — 

Success that was failure — Another mathematician on the trail — 

Leverrier wins — The completed solar system — A model of the 
solar system — The system of satellites — Sir George Darwin and 
the moon — The birth of the moon — Vagabonds of the solar system 
— The comet’s phantom tail — From comet to meteor 

BOOK VI 

THE NEW ASTRONOMY 

xxni. Fraunhofer — Kirchhoff — Huggins — The Stars 

Brought to Earth 335 

Great epoch of 1859 — A necromantic instrument — The secret of 
the sunbeam — The genius of Fraunhofer — The secret revealed — 

The dark and bright lines explained — The amazing import of the 
revelation — Huggins analyzes the stars — The strange light of 
nebulae 



CONTENTS 


IX 


XXIV. Bonds — Drapers — Pickering — Star Portraiture . 350 

Sun-pictures — The new art of celestial photography — Many 
workers in the new field — The union of camera and spectroscope — 
Photometry developed at Harvard — The chemistry of the stars 

— The spectroscope measures star-speeds — Weighing invisible 
stars — The Harvard library of star portraits — Pickering’s early 
methods and results — The first spectroscopic binary 

XXV. Norman Lockyer — Stars in the Making 371 

Staggering distances ~ Sounding the universe — Penetrating the 
atom — The imaginative Lockyer — The dissociation of elements — 

The meteoritic hypothesis — The final cosmogonic guess of the 19th 
century 

XXVI. Keeler — Chamberlin — Moulton — The Origin of 

THE World 383 

The 19th century milestone — The spiral nebula as mother of 
worlds — The disconcerting conduct of Phoebe — Has the world 
turned upside down? — The planetesimal theory solves many puzzles 
— The origin of special nebulae 

BOOK vn 

THE NEW HEAVENS 

xxvn. The New Heavens 401 

XXVIII, The Eros Campaign of 1900 — Perfecting the Solar 

Yard-Stick 407 

Old Ideas and New — The object of the campaign — Mr. Hoover’s 
particular planet — Eros and the solar yard-stick y- The Eros 
campaign — The solar parallax — Uses of the yard-stick 

XXIX. Schwabe — Hale — Eddington — The New Sun . . 415 
Schwabe studies sun-spots — Belated recognition for the apothecary- 
astronomer — Periodicity of the sun-spots — The spectro-heliograph 

— Magnetic sun-spots — The Zeeman effect — Magnetism reveals 
a double cycle — Magnetic storms and the Aurora Borealis — The 
general surface of the sun — The sun’s energy — Matter and ene^ 

— Possible destruction of matter in the sun — Is the sun losing 
weight? — Riding sunbeams — Old and new concepts of the sun’s 
heat — The old idea of an inhabited sun — Doubtful habitability of 
planets 

XXX. Langley — Hertzsprung — Russell — New Light on 

THE Stars 434 

Personality of Langley — Langley’s bolometer described by Dr. 

Abbot — The energy and substance of stars — Star spectnms — Star 
substance — The Draper classification — The star-scale interpreted 
— Star motion and orfcns — The life history of a star — Giants and 
dwarfs — Advance and decline of a star — Direct measurement of a 
star — Giants that art giants — The testimony of eclipsing binaries 
— A disconcerting white dwarf — Odd characteristics of the white 
dwarf — The Einstein test — What the test seems to prove — The 
Russell theory still valid 



X 


CONTENTS 


xxxr. Leavitt — Shapley — Aitken — Stars That Are Dip- 

EERENT 455 

Miss Leavitt’s discovery — The photographic record — Peculiarities 
of pulsing variables — Cepheid variables as distance-gauges — New 
sidereal depths sounded — The pulsation theory of Cepheid variables 
— An alternative theory — Novae or new stars — Other types of 
variables — The Algol tjrpe of variable — Double stars by thousands 

BOOK VIII 

NEW COSMOLOGY AND COSMOGONY 

xxxn. Adams — Pease — Hxjbble — Star Numbers and Dis- 
tances 477 

Again the necromantic spectroscope — Methods of star measurement 
in harmony — The number of stars — Star numbers illustrated--- 
"\^ither arc we bound? — The mystic nebulae — Planetary and 
spiral nebulae — Rotation of spirals verified — Distances of th(‘ 
nebulae — Light-years in terms of thread 

xxxm. Kapteyn — Easton — Shapley — The STRUCTimE of 

the Universe 491 

100 light-years a neighborly distance — Our annual shift of 307,000, - 
000 miles — Star streams discovered — Neighborly groups of stars 
— Relative sizes of the suns — Baby giants and senile dwarfs — 

Young stars move slowly — Our galaxy a spiral nebula? — The 
Lambert-Shapley universe — The ultimate plan not rcvetiled 

xxxxv . Old Cosmogonies and New 508 

No longer the astronomy of precision — A symposial scheme — 

Genesis according to Jeans — In the be^nning — Star-growth — 

The planetesimal theory recalled — The rings of Saturn explained 
— 7,000,000,000,000 years a “convenient” unit — What will bo tlic 
end? 

XXXV. The Mirrored Universe — An Astronomic Fantasy 518 

The circumscribed universe of Kelvin — The curved space of Kin- 
stein — A mirrored universe — The same nebulae in opposite direc- 
tions — Do we see the sun mirrored as many stars? — Reality or 
image? — Reversed direction of the images — Arc star distances 
illusory? — Space closing in on itself — Seeing Earth-history back- 
ward — Is energy conserved in our universe? — Is space full tif mat- 
ter? — Interstellar matter interferes with light rays — Is matter 
created in “empty” space? — The birth of cosmic rays - - Mill circle 

APPENDIX 


A. A Few Words About Astronomy Books 530 

B. Alrblabeticai, Summary of AsTRONOMtCAO Subjkcu's . . . 544 

Contains data about Constellations, Planets, Solar System, Sun, 

Stats, etc., with illustrative tables and diagraras. 

C. Charts of the Constellations 586 

IlTOEX 603 



LIST OF TEXT ILLUSTRATIONS 


FIGURE PAGE 

1 A Globular Cluster 15 

2 A Spiral Nebula 17 

3 The Earth Measurement of Eratosthenes 35 

4 The Principle of Eratosthenes 39 

5 Diagram to Show How Aristarchus Measured the Sun’s 

Distance 44 

6 An Eclipse of the Moon, as Correctly Conceived by Anaxag- 

oras 53 

7 The Moon’s Phases as Correctly Interpreted by Anaxagoras 

and Subsequent Greeks 54 

8 Egyptian Conception of the Separation of the Heavens From 

the Earth 57 

9 Egyptian Conception of the Sun Embarking on His Daily 

Journey Through Egypt 59 

10 Babylonian Clay Table Representing a Map of the World 62 
rr The Seasons According to Hipparchus 67 

12 The Epicycles of Hipparchus 69 

13 True Explanation of Seemingly Looped Orbit of an Outer 

Planet 70 

14 An Eclipse of the Sun, Clearly Understood by Hipparchus 73 

15 The Precession of the Equinoxes 77 

16 Ptolemy 82 

17 Alhazen’s Explanation of Twilight 93 

18 Arabian Conception of the Epicycles of Mercury .... 95 

19 An Arabian Astrolabe for Measuring the Angular Elevation 

of Sun or Stars xo6 

20 Cross-Staff of Type Used by Columbus to Measure Eleva- 

tion of the Sun or a Star X07 

21 Correct Copernican Conception of Mercury and Venus . . X17 

22 The Copernican Conception Explains the Seasons . . .118 

23 One of Tycho’s Quadrants 13 2 


XI 



ILLUS TRATIONS 


xii 

FIGUBJE PAGE 

24 Tycho’s System of the Universe i 34 

25 The Constellation Cepheus i 43 

26 The Constellation Hercules 146 

27 The Constellation Bootes 148 

28 Diagram to Illustrate Kepler’s First and Second Laws of 

Planetary Motion i 49 

29 The Constellation Cygnus 151 

30 The Constellation Aquila, the Eagle 154 

31 Jan Lippershey, Inventor of the Telescope 157 

32 Craters and Mountains on the Moon 160 

33 How Horrox Saw the Transit of Venus 167 

34 John Flamsteed (1646-1719), First Astronomer Royal of 

England 174 

35 Newton’s Demonstration of Gravitation Between Earth and 

Moon 186 

36 Three Types of Eyepieces or Objectives 194 

37 Christian Huygens (1629-1695) 195 

38 Newton’s Model of a Reflecting Telescope 198 

39 Three Types of Reflecting Telescopes 199 

40 To Illustrate Roemer’s Proof of the Finite Speed of Light 201 

41 To Illustrate Halley’s Parallax Method 205 

42 Johannes Hevelius (1611-1687) 214 

43 Immanuel Kant (1724-1804) 245 

44 Nevil Maskelyne (1732-1811) 248 

45 How Maskelyne Weighed the Mountain 249 

46 Caroline Herschel 253 

47 Herschel and His Sister at the Big Reflector 254 

48 Joseph Louis Lagrange 270 

49 Friedrich Georg Wilhelm von Struve (1793-1864) . . .289 

50 Portable Transit Telescope — ^Vertical Movement Only . . 292 

51 Simple Altazimuth Mounting — Moves Vertically and Hori- 

zontally . • . 293 

52 A Primitive But Typical “English” Equatorial Mounting . 294 

53 Reflecting Telescope on “English” Equatorial Mounting . 295 

54 F, W. A. Argelander (1799-1875) 298 

55 John Couch Adams (1819-1892) 310 



ILLUSTRATIONS xiii 

FIGtTRE page 

56 U. J. J. Leverrier {1811-1877) 313 

57 Relative Apparent Size of the Sun from Different Planets .316 

58 The Solar Sj^tem and Halley’s Comet 317 

59 Relative Sizes of the Planets 318 

60 The Planets in Sequence Against the Face of the Sun, to 

Show Relative Sizes 320 

61 Saturn and His Rings 321 

62 James Clerk Maxwell (1831-1879) 322 

63 H. L. F. Helmholtz (1821-1894) 323 

64 Sir George H. Darwin (1845-1912) 324 

6s A T3q)ical Comet 328 

66 G. V. Schiaparelli (1835-1910) 331 

67 William Hyde Wollaston (1766-1828) 338 

68 Gustav Robert Kirchhoff (1824-1887) 341 

69 Robert Wilhelm von Bunsen (1811-1899) 345 

70 Lord Rosse (1800-1867) 348 

71 Dominique Francois Arago (1786-1853) 351 

72 L. J. M. Daguerre (1789-1851) 352 

73 John W. Draper (1811-1882) 353 

74 Jean Bernard L^on Foucault (1819-1868) 356 

75 Henry Draper (1837-1882) 358 

76 E. C. Pickering (1846-1919) 365 

77 Spectra of Stars 3^7 

78 P. J. C. Janssen (1824-1907) 375 

79 James Edward Keeler (1857-1900) 384 

80 Spiral Nebula in Canes Venatici 385 

81 Jupiter 389 

82 Professor W. H. Pickering Studying Star Negatives . . . 390 

83 Charles Augustus Young (1834-1908) 413 

84 Spectroheliograph of Sun Spots 420 

85 A Solar Prominence 150,000 Miles High 423 

86 A Self-explanatory Diagram of Earth, Moon, and Sun . . .431 

87 Samuel P. I^angley (1834-1906) 436 

88 Dr. Pease Measuring a Star With Interferometer and 

loo-Inch Reflector at Mount Wilson 47 1 

89 Comparative Sizes Among Stars 45 ° 



Xiv ILLUSTRATIONS 

FIGURE PAGE 

90 The Greater Magellanic Cloud 457 

91 Miss H. Leavitt 45 ^ 

92 Svante Arrhenius (1859-1927) 468 

93 Sherburne Wesley Burnham 471 

94 A Planetary Nebula and Dark Nebulae 483 

95 Trifid Nebula in Sagittarius 4B4 

96 Network Nebula in Cygnus 4^5 

97 A Typical Ring Nebula 486 

98 Great Nebula in Andromeda 488 

99 Lord Kelvin (1824-1907) 521 

100 The Rays of Light Passing Through a Homogeneous Lens 

Are Not Brought to One Focus 544 

101 A Lens Acts as a Prism and Disperses Rays of White Light 

Bringing the Colors to Different Foci 545 

102 Foucault Pendulum 558 

103 To Illustrate Atmospheric Refraction 570 

104 Solar Eclipse Observations of September 21, 1922 . . . 572 

105 The Operation of the Sextant 574 

106 A Modified Cross-Staff 575 

107 The Sun’s Zenith Angle 583 

108 Sun’s Zenith-Angle Test Illustrated 584 

109 A Sun’s Zenith-Angle Puzzle v . . 585 

no The Time by a Handless Watch 587 

in The Sun’s Altitude December 21 at Seven Locations . . 589 

112 The Principle of Eratosthenes Illustrated 591 

113 Location Determined by Two Zenith-Angle Tests . . . 593 



LIST OF FULL PAGE ILLUSTRATIONS 


PLATE 

I Simon Newcomb (1835-1909) Frontispiece 

FACING PAGE 

II The Great Nebula in Orion 12 

III A Region of the Milky Way 77 

IV Nicholas Copernicus (1473-1543) 108 

V Tycho Brahe (1546-1601) 141 

VI Johannes Kepler (1571-1630) 156 

VII Galileo Galilei (1564-1642) 173 

VIII Isaac Newton (1642-1727) 188 

IX Edmond Halley (1656-1742) 205 

X James Bradley (1693-1762) 236 

XI Frederick William Herschel (1738-1822) .... 253 

XII Pierre Simon Laplace (1749-1827) 268 

XIII Heinrich Wilhelm Matthias Olbers (1758-1851) . . 285 

XIV Friedrich Wilhelm Bessel (1784-1846) 300 

XV John Herschel (1792-1871) 317 

XVI Joseph Fraunhofer (1787-1826) 348 

XVII William Huggins (1824-1910) 365 

XVIII Norman Lockyer (1836-1920) 380 

XIX The 72-lNCH Reflector of the Dominion Ob- 
servatory 413 

XX The 24-lNCH Bruce Reflector of Harvard College 

Observatory at Arequipa, Peru 444 

XXI The ioo-Inch Reflector of Mt. Wilson Observatory 509 

XXIt The 36-lNCH Refractor of Lick Observatory . . .540 

CHART PAGE 

I and 2 : The Evening Sky in Autumn 598 

3 and 4: The Evening Sky in Summer 599 

S and 6: The Evening Sky in Spring 600 


rv 



xvi 


ILLUSTRATIONS 


CHART PAGE 

7 and 8: The Evening Sky in Winter 6oi 


9: Circumpolar Region, Hours VI to XVIII 

Folder following 602 

10: Circumpolar Region, Hours XVIII to VI 

Folder following 602 


MAP 

A: The Summer Constellations, Hours XII to XXIV 

Folder following 602 

B: The Winter Constellations, Hours o (XXIV) to XII 

Folder following 602 



POSTSCRIPT : 


(introduced here because this seems 

TO BE THE BEST PLACE POR IT.) 

The appendix and the pictures in this book may be regarded 
as auxiliary features thrown in for good measure. I hope that 
many readers will find them helpful. 

The appendix contains explications of a good many subjects — 
from Aberration of Lenses to Zenith Angles and the Zodiac 
— ^which the text may have mentioned but incidentally or not at 
all — ^because the text is explicitly a story of the human implica- 
tions of astronomical discoveries and progress, rather than an 
explication of the discoveries themselves. 

The appendix contains also a series of star-charts, which I 
designed and executed with a good deal of care, and which will 
be found to depart somewhat from the conventional star-charts 
of technical works, I hope helpfully. The mosaic presentation of 
the constellations, in which the field of the entire heavens may be 
taken in at one eye-sweep, is at least novel, and so far as I am 
aware unique. Used in connection with the regional charts of 
more conventional order (which also have certain original fea- 
tures), these charts will, I hope, be found to serve a genuinely 
useful purpose for the amateur star-gazer. 

The numerous diagrams scattered through the text, illustrat- 
ing such subjects as precession of the equinoxes, the moon’s 
phases, the principles of action of telescopes, and what not, are 
obviously designed to serve a similar purpose. I have sketched 
them casually, with an eye to the explication of principles, rather 

xvii 



xviii POSTSCRIPT 

than with any thought of technical perfection of treatment such 
as a mechanical draftsman would effect. 

Perhaps a word should be added about the portraits, of which 
there are about fifty, ranging in execution from thumb-nail 
sketches to somewhat elaborated drawings, executed in various 
mediums. 

In drawing these pictures I have necessarily held to originals 
more or less hackneyed by oft-repetition — for even I am not old 
enough to have seen most of the great astronomers in the flesh. 
But where, as not infrequently happens, the available original 
portraits differ so much among themselves as to leave a good 
deal of doubt as to what was the actual appearance of the famous 
personage in question, I have permitted my pencil or pen or 
brush to adopt a compromise — ^producing an interpretation or a 
composite picture, rather than a replica of any model. 

For example, my crayons insisted on depicting Copernicus in 
hiunanized departure from the caricatures that pass for original 
portraits of the great Emancipator — ^but in so doing they held, 
nevertheless, to the essential facial contours which, since they 
appear in all portraits, probably have a measure of authenticity. 

Such compromises, however, are on the whole exceptional. As 
a rule, authentic portraits exist, and of course I have not ven- 
tured to depart from the essentials of such portraits. My object in 
re-drawing them in different mediums has been chiefly my own 
amusement. Often a sketch was made for momentary diversion 
on the leaf of a note book, when I chanced to come on a portrait 
of exceptional authenticity, or unusual appeal, in consulting 
source books — ^as, for instance, the original Memoirs of Bradley 
— ^in a public library. 

At the moment of making such sketches, I had no thought of 
using them to illustrate this book. But when it was suggested tlint 
a series of portraits would add to the interest of the text, and 
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six 

serve a really useful purpose in enabling the reader to envisage 
the personages whose deeds make up the story of astronomical 
progress, I very gladly sought the co-operation of an old-time 
friend, the crow-quill (for many years superseded by the paint- 
brush) in order to transpose the note-book memoranda into line- 
sketches that could be reproduced on book paper. 

A crow-quill gets a bit rusty in the course of thirty years of 
disuse, but appears not to be damaged beyond at least partial 
repair. As to the latter point, however, you must decide for 
yourself. 

An element of personal interpretation enters into every por- 
trait, done in whatever medium; but most of all, perhaps, into 
such line work as I have here employed, where the crow-quill is 
used with the freedom of an etcher’s needle. Whatever an artist’s 
training (and my own chances to have been comprehensively 
cosmopolitan), his pen-drawings are as individual as his pen- 
writing. So the present series of sketches may perhaps establish 
a personal relationship between illustrator and reader that is at 
once more direct and more intimate than could be attained 
through the less elemental medium of the printed word. 

It remains only to add that, with pictures as with text, I have 
been sedulous to credit sources. Even though my drawings may 
depart rather widely from the originals in manner of handling, 

I have always captioned a reference to the source, except in a 
few instances where a detached photograph or engraving of 
untraced origin has been the basis of my transcription. 

Even in cases where my pen has transformed an outline dia- 
gram into a full-toned picture, I very gladly express my indebt- 
edness to the maker of the diagram, which after all is the essen- 
tial of the illustration — ^the added figures and shadings being 
merely auxiliary embellishments. The word “adapted” in the 
caption-credits is designed to exculpate the originator of the 
diagram from complicity in the embellishment. 




FOR THE TIMID READER— 
A WORD OF FAIR WARNING 




I T IS only for the sake of concreteness that the title of this book 
names astronomers. Were it not for the ambiguity of such a 
title, the name might be “The Great Emancipators.” 

Emancipators of mankind from the bondage of primaeval 
superstition: that is the r 61 e in which the great astronomers 
appear, as their accomplishment is here conceived. 

I personally care almost nothing for the chief part of the mere 
concrete facts of astronomical discovery. I do not see that it 
matters at all whether the stars number a few thousand, as was 
supposed in pre-telescopic days, or the tenth power of the thou- 
sands, as a modern photograph of the heavens suggests. I do not 
see that it matters intrinsically whether the stars themselves are 
points of light — the tiny candles they seem — set in a glassy 
sphere, or whether they are gigantic suns coursing through infinite 
depths of ether. 

These things, in themselves, do not matter. Merely to know 
whether stars are what they seem or something very different 
would hardly be worth the time and effort required to answer the 
question, had we merely learned the concrete answer after the 
effort was made. 

What really matters is something quite different. What really 
matters is that man’s conception of his own relation to the scheme 
of things was closely bound up with his interpretation of the 
nature of the stars. This was a world of relativity, long before 
an Einstein came to dramatize the word. And man’s conception 
of his own position in this world of relativity had come to be 

3 
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intimately associated with — ^nay, was explicitly dependent on — 
his interpretation of the nature of the heavens. 

Because he conceived the stars to be the flecks of light that 
they seemed; because he thought the sun and moon merely larger 
lanterns designed to give him light and warmth; because he 
conceived this earth to be the enormous central structure of the 
universe — ^he came to think of himself as the final product of a 
cosmic scheme which his unevolved intelligence had not yet en- 
abled him to conceive as other than the result of a creative effort 
such as he himself put forth when he fashioned an implement 
of stone. 

Because of that astronomical misconception, the spirit of man 
came to be boimd up with the stars. It came to be enmeshed in 
fundamental misconceptions that could never have arisen had 
man known from the outset what we know today of the essential 
relative position of ourselves and the universe. 

Emancipation could come only with knowledge. The truth 
alone could set man free. And the emancipators could be none 
other than the iconoclasts who, one generation after another, 
sharing with their fellows the wonder as to what the stars really 
are, were moved to endeavor to find out. 

The truth shall set you free. But man had come to like his 
bondage. He did not wish to be set free. He would not even 
accept freedom when it was offered, but must needs struggle with 
fanatic zeal to remain within the chrysalis of superstition in 
which he had enmeshed himself. 

Like the butterfly of a certain poet’s conception which crawled 
back into the chrysalis, he did not wish to be a winged creature; 
he wished to remain a worm. 

But the emancipators would not have it so. In their quest of 
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truth, they tore open the chrysalis. Not because they sought the 
role of liberators. Simply because emancipation was the inevitable 
outcome of their effort. 

It was, indeed, because of this inevitable sequel rather than 
because of the specific things that they did, that the men whom 
we name as great astronomers are famous. It is because of this 
that the story of what they did is worth telling. 

In attempting to present the story, I find myself in full sym- 
pathy with a writer of my acquaintance who once had the eunbi- 
tion to inscroll a mighty epic of the Civil War without mentioning 
a single name or a single date. 

Inasmuch as an epic is, by definition, a record of the deeds of 
valiant men, such an ambition was obviously futile. 

By the same token, the story of that vastly more consequential 
work of emancipation implied in the title of this book cannot be 
told without mentioning names and presenting concrete observa- 
tions. And the names being those of the men called astronomers, 
we cannot avoid all mention of stars in telling this story. 

But from first to last it is not the stars in themselves that really 
interest us. The thing of interest is man’s relation to the stars. 

And so, here at the beginning, I warn you that if your interest 
is in stars, as such, rather than in men, this book is not for you. 
Any text-book on astronomy will better serve your purpose. This 
is the story of what the great astronomers taught us, not about 
the stars, but about ourselves. 

If, being thus warned, you care to proceed, it is at your own 
peril — as the road-makers’ signs inform motorists regarding a 
highway under repair. At least you cannot say that you were not 
forewarned. 

For those mental voyagers who choose not to heed the warn- 
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ing, this story of the great astronomers as spiritual Emancipators 
of our race is written. 

If in spite of this disavowal you should find that these pages 
contain a good deal of mere information about stars, I can only 
plead the limitations of the medium, in extenuation. A famous 
writer of comic operas once said to me, with a whimsical smile, 
that every comic opera must contain at least one joke. Similarly, 
a book about man’s relation to the stars cannot be written with- 
out at least occasional reference to the stars themselves. 

But enough of explanations. If you still care to go ahead, the 
road is open. 



YOU ARE INVITED TO TAKE 
A PRELIMINARY CRUISE IN 
STARLAND 




I T WILL not be long now, I suspect, before we have airplanes 
that can fly six hundred miles an hour. If you had such an 
airplane, adequately fueled, you could fly round the world in 
our middle latitudes in twenty-four hours. 

That would be a feat worth talking about — ^the circumnaviga- 
tion of our big globe in a single day— keeping directly under the 
sun all the way, and matching his flight mile for mile. 

But now suppose that an airman, flying thus at a uniform 
speed of ten miles a minute, could start straight up into the air 
and could continue in a bee line on a Jules Verne voyage off 
into space. 

How long would it take him, think you, to get to our neighbor 
Mars — at the nearest point of his orbit? 

Why, something over nine years. 

That would be a tiresome voyage,— not to speak of the absence 
of air and the frigidity of empty space. Yet it would constitute 
only the beginning of an exploratory tour across the solar system. 

If our phantom voyager were disposed to see something more 
of the world-system of which the earth and Mars are minor 
members he might pass on through the region of the swarming 
minor planets, called asteroids or planetoids, and only after 70 
years of flying would he come to Jupiter, — something really 
worth while in the way of planets, bulking 1300 times bigger 
than the earth. 

Another period of 76 years would be required to cross the gap 
between Jupiter and Saturn. The journey from Saturn to Uranus 
would require 170 years; the jump to Neptune 190 more; and 
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the final stage to the trans-Neptunian planet of 1930 would take 
perhaps something like 500 years. 

Thus the entire journey from the earth to the farthest known 
planet would require not far from 1000 years. 

If we recall that the craft which thus required five centuries 
to pass from our earth to its most distant planetary neighbor 
required but 24 hours to circumnavigate the earth itself, we shall 
pretty clearly realize that our solar system is a stupendous 
structure. 

5,000,000 But all things are relative. And if we would fully grasp the 

reflect that the journey to trans-Neptune 
est Stax brought us only to the frontier of our little solar system. We are 
still, so to speak, at home. 

If we wish really to see something of the outside world, we 
must go on at least to the nearest star. 

And how long will that take? 

Well, in round numbers five million years, holding to the same 
ten-mile-a-minute speed that brought us to Mars in ten years and 
to Neptune in five hundred. 

That is to say, the star that is our nearest neighbor in space 
lies about 5,000 times as far away from us as the remotest mem- 
ber of the sun’s planetary family hitherto discovered. 

The trip to Neptune bears the same relation to the trip to the 
nearest star that a brisk half hour’s walk here on the earth bears 
to the circumnavigation of the globe. 

As to the stars that make up the main galaxies that greet our 
for Units gyeg whenever we glance skyward, it is futile to attempt to gpive 
a notion of their distances in terms of mundane measurements. 

To say that our ten-mile-a-minute aeroplane would require a 
hundred miUion years to reach a star of average distance, and 
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twenty or thirty bUUon years to come to the remoter stars of the 
galaxy, conveys little meaning, since millions and billions, how- 
ever glibly phrased, are incomprehensible terms. 

But whether or not such distances are comprehensible, they 
represent actual magnitudes with which the astronomer, when he 
charts the heavens, must deal as familiarly as the surveyor of 
land deals with rods and miles. 

To make his figures a little more manageable, the astronomer 
adopts a new imit of measurement. He estimates stellar distances 
in terms of “light-years,” the light-year being the distance that 
light, compassing 186,000 miles per second, travels in 365 days. 

This distance — the astronomer’s foot rule — is almost six mil- 
lion million miles. You write it thus: 6,000,000,000,000. 

The nearest star is at a distance of about four and a third light- 
years. The farthest stars revealed by telescope are thousands, 
even millions, of light-years away. 

Meantime light comes to us from the sun in eight minutes, and 
travels on to Neptune in about four hours, and to Lowell’s trans- 
Neptunian planet in perhaps seven hours. 

Four and seven hours. Here at last are figures that one can A Magic 
comprehend. And at once a new idea to cap the figures. Here it is : 

Light requires seven hours to go to the far planet. Accord- 
ing to Einstein, light is the speediest messenger in the universe. 

But you and I know better than that. There is one messenger that 
out-speeds light by so wide a margin that it can go to Trans- 
neptune not in hours, but in an infinitesimal fraction of a second. 

This really speedy messenger is called Imagination. 

The speed of Imagination is no paltry snail’s-pace of 186,000 
miles per second. It is a thousand or a million or if you prefer a 
billion or a trillion times that. 
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A Real 
Speed- 
Craft 


And where Imagination goes, we may go at the same speed- 
laughing at the sunbeams as we flash by them. So now I am about 
to ask you to start out with me, with Imagination for our guide, 
on an airplane journey that will not find us flying for 500 years 
to get to the frontiers of the solar system; nor for five and a half 
hours even, as required by light; but which will enable us to flash 
out beyond the orbit of Neptune, and to cross the intervening 
space to the nearest star, and on to the center of our galaxy 
(60,000 light-years away), and yet on and on in a circuit of the 
entire galactic system — ^in a term of minutes. 

In other words, I invite you to join me in a cruise of the uni- 
verse — a. personally conducted cruise, with Imagination for our 
guide — ^in the magic airplane Parsec. 

It is specified that the craft shall have such speed-qualities 
as to give us glimpses of all the worth-while sights of the galactic 
system, and land us back home within three hours. The start is 
at ten. We shall be back in time for a one-o’clock luncheon. 

As we go aboard and are about to start, perhaps you may be 
interested to know the origin of the rather odd name of our magic 
vehicle. Where did we find the name “Parsec”? 

The explanation is that the word “parsec” is familiar to astron- 
omers as an abbreviation of “parallax second,” meaning the dis- 
tance at which a star must lie in order that it shall have the 
parallax of one second of arc. Otherwise stated, the distance at 
which a star must lie in order that, seen from the star, the angles 
subtended by the radius of the earth’s orbit shall be one second, 
or one-thirty-six hundredth of a degree. 

It appears that this represents a distance of about three and 
a quarter light-years — a light-year, as we have seen, being the 



Plate 11: Tiik Great Nkrtila jn (Mion (Mt. Wilson Ohservatory) 





YOU ARE INVITED 


13 

distance that light, traveling 186,000 miles per second, compasses 
in 365 days. 

Stated in miles, the distance represented by our parsec is 
approximately shown by this row of figures: 20,000,000,000,000. 

That happens to be about three-quarters of the distance to 
the nearest star. It seems a long distance, certainly. Yet for our 
present purpose it must rank only as a unit distance, as it does 
for the astronomer. 

When specifications were given for the airship Parsec, I knew 
that it would not suffice at all to think of one parsec as a long 
distance, any more than one thinks of a mile as a long distance, 
when speaking of the flight of an ordinary airplane. 

The specifications called for a maximum speed of not less than 
10,000 light-years per minute. 

Nothing less than that would enable us to make the promised 
tour of the universe, with assurance of getting back at the lunch 
hour. 

But so resourceful a builder as Imagination is not stumped by 
even such figures as that. So it is guaranteed that the airplane 
jParsec will transport us at this really notable speed. But it is 
understood, also, that on occasion the magic craft can slow down 
to the minutest fraction of the maximum, so that we may have 
opportunity for leisurely observation of at least a few of the more 
^famous stellar exhibits along the way. 

All this has been made clear by the advance agent. Now we 
are off. 

The engine is throttled to the lowest speed as we cruise out to 
the orbit of Mars, our nearest neighbor. A rather insignificant 
planet, smaller even than the earth, with a snowcap at the pole, 
and presenting some evidence of vegetable life, but nothing of 
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especial consequence, in comparison with the sights that are 
ahead. 

We pass on and linger but a moment to circle about big Jupiter 
with its eight moons and then on to Saturn, circling to glance 
at its really interesting rings; and on to the eighth planet Nep- 
tune, Notable for the way in which we mortals of the planet 
Earth discovered it, rather than for anything it has directly to 
exhibit. Likewise the ninth, Transneptune, here at its frontier. 

And now for a cruise into inter-stellar space. 

Full speed ahead I 

Full speed, it will be recalled, means about 10,000 light-years 
per minute. A dizzy sp^ed. We should not even realize that 
notable stars are flashing by, did not the pilot slacken the pace 
when we come near any worth-while world-system. 

But the pilot knows his business, and in the course of a quarter 
hour our craft has slackened speed now and again that the guide 
might point out, first half a dozen of our neighbor-stars, distant 
from the earth only five or ten or twenty light-years. Then there 
was the group of Pleiades, — the “little dipper” — ^which we passed, 
off at the right, within two or three parsecs, so that they looked 
startlingly wide-spaced, like the Great Dipper seen from the 
earth. There, too, at a somewhat lesser distance was the brilliant 
Sirius, a hundred times brighter than our sun, the guide tells us, 
but not unduly dazzling as seen through our protective spectacles. 

And then gigantic Betelgeuse, big enough, we are told, to fill the 
orbit of Mars, if he were placed where our sun is, but so tenuous 
of structure that we shorild not know, save for the heat, if we 
were actually imbedded millions of miles in its substance, as we 
should be if it took the place of the sun. 

Looking back now casually, we see that our sun appears to be 
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only one of a cluster of stars, not very iinlik<> the Pleiades as we 
are accustomed to see them — ^an almost nebular cluster, seemingly 
somewhat isolated from other stars. 

This, we are told, represents our own “Home Cluster,” made 
up of stars that really are separated one from another by spaces 



Fio. I.— A Globular Cluster. 


of five, ten, or twenty light-years, though from our present dis- 
tance they seem crowded together almost as compactly as globular 
clusters seem when viewed from the earth. 

And now we are nearing one of the globular clusters, — though 
we should scarcely know it had we not been told, because from 
our present distance the individutd stars are spread out with 
such wide spaces between them that we should not suspect that 
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they all belong together. We are told presently that we are pass- 
ing through the very midst of a globular cluster, and that really 
these stars are a somewhat isolated system, — it being only the 
distance of the group from the earth that makes them seem com- 
pacted into a round structure. 

Off beyond we see a whole galaxy of stars, spread out in every 
direction, some bright and some dim, with patches of nebulosity 
that are transformed into isolated stars as we approach. 

This, we are told, is one of the Magellanic clouds — as we of 
the earth term it. There is nothing cloud-like about the great 
universe of stars composing it, on nearer view. “Just about a 
hundred thousand light-years from the earth,” the guide remarks 
casually. 

And now veering a little, we find ourselves in a region where 
stars seem equally abundant in every direction. 

We are in the midst of the Milky Way— that vast highway of 
stars, running clear round the system of which our sim is a part, 
like a great ring, with individual stars so numerous that from 
our viewpoint on the earth, the whole structure seemed nebulous. 

Now we find it merely a system of scattered stars, no different 
in appearance from other portions of the heavens we have 
traversed. 

We are told that we are in the midst of some of the nebulosities 
that seem most dense when viewed from the earth. Here they are 
not nebulosities at all, but stars scattered as we are accustomed 
to see them scattered in most regions of the sky, with only here 
and there a nearer one which has the aspect of our own sun as 
we flash by at a distance of a hundred million miles or so. 

Down toward the center of the course we are now circling, 
there are many faint nebulosities, and one of these the guide 
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points out as our own Home Cluster, no longer appreciable as a 
group of stars, but only as a faint veil of light, of pinhead size. 

We are traveling far. A glance at the illuminated clock there 
on the wall of the limousme-like vestibule of the Parsec, shows 
that we have been flying for about half an hour, and this means 
that, since we have perhaps averaged two-thirds maximum speed. 



Fig. 2 . — K Spiral Nebula. 


we are now at a distance of about half a million light-years from 
home. The Home Cluster has disappeared altogether. 

Yet off at one side there are nebulous clusters that we recognise 
as spiral nebulae, visible to the naked eye, but still nebulous 
in structure, as we have seen them in photographs made with a 
big telescope back on earth. 

These nebulae lie far outside our own galactic system, which 


Nebulae 
Off to 
Starboard 



100 , 000 ,- 
000,000 
Stars on 
View 


l8 GREAT ASTRONOMERS 

we are circling, the guide tells us, and even with our magic craft 
we have not time to visit them. They are island-universes, so 
far away that were we to go out to them, our own galactic system, 
as we looked back at it, would appear only as itself an isolated 
nebula — ^larger, perhaps, than any one of the others, but one can- 
not be certain even of that. At most, a “continent nebula” of 
which each of the outlying “island universes” is a replica, 

“How many stars have we seen so far?” somebody asks. 

“Perhaps fifty billion,” the guide responds airily. “Of course 
we don't count the ones in the spirals off there on the horizon, 
which still seem nebulous. They are thrown in for good measure.” 

Our sky Baedeker, had we time to read it, would tell us that 
the galactic system round which we are cruising has a population 
of something like a hundred billion stars. Apparently we are by 
way of seeing most of them before we are through. 

Incidentally, there are two very odd features of our journey, 
which at first we hardly noticed. The first is that, although it was 
broad daylight when we left the earth, it is full ni^t out here 
in space. Only when we chance to come fairly near a star — that 
is, within a hundred million miles or so — ^is it light enough so 
that we could consult our guide book if we wished to. The dark- 
ness makes the spectacle all the better, of course. But it does seem 
odd when one glances at the illuminated face of the clock and 
realizes that it is almost noon back there at the earth. 

But the second feature is even odder. Something, indeed, that 
seems out and out spookish. Things seem to have no weight out 
here. We are in a closed limousine, and could not fall out, but 
apparently there would be no danger of our falling out anyway. 
There seems to be no up and no down— -nowhere to fall. 

If there chances to be a bri^t cluster of stars down bdow us. 
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the pilot turns the plane right over, and the cluster that was 
below it now seems at one side, or overhead. Apparently it makes 
no difference at all which way our heads are pointing. 

The first time we turn over to get a better view of a cluster of 
stars down below us, some of the passengers clutch at things, 
thinking they are to be spilled out. The guide laughs. 

“People alwa)^ think this upside-down business odd,” he says. 
“It really isn’t any funnier than that people in New York and 
people in Tokio walk about feet to feet, with heads in opposite 
directions. Out here we are so far from any gravitation-center 
that directions don’t count.” 

All the same it does seem a bit spookish. But one gets used to it. 

Presently we are aware that we have completed the circuit 
of the galaxy, because the cluster of nebulosities which we still 
recognise as the group in which our sun lies is almost directly 
ahead of us, instead of off at one side as hitherto. 

And .before we know it, the guide is saying: 

“Do you see how the Home Cluster is enlarging, as we ap- 
proach? Now the stars that are grouped round our sun are sep- 
arated, and the sun itself stands out— that yellow star, smaller 
than many, but of perhaps average size, there toward the ri^t. 
We are only thirty or forty thousand light-years away now, and 
we are going to circle about at this distance so that you may 
have opportunity to inspect our own earth, through the magic 
binoculars that each of us will now put on.” 

Magic binoculars they are, for through them the earth, which 
before was invisible, now stands out like the moon seen through 
a big telescope. 

Again the guide is speaking: 

“Perhaps you have not thought of it, but now you will realize 
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that, in flying oS into space at a speed so many times the speed of 
light, we have in effect flown backward in time. For now, out 
here thirty thousand light-years from the earth, we are of course 
receiving the light that left the earth thirty thousand years ago. 
What you are looking at then, is the earth as it was in that pre- 
historic period. This is the first of the panoramic earth-views we 
promised you.” 

The explanation continues: “It is now twelve o’clock, you see, 
Greenwich standard earth time, and we are almost at the end of 
our journey. But we shall not return directly. 

“For the next quarter hour we shall circle to the left as if 
moving in an orbit about the earth of which, as you see, you now 
have a good view through the side windows. 

“After a long five minutes or so, during which we shall make 
full circuit round the earth, we shall return a little nearer and 
make another circle. And so, by easy stages, we shall make our 
way back to the starting point according to schedule, and give 
you ample opportunity to witness the promised panorama. 

“If you look at your itinerary, you will find that the view 
promised at that hour is called ‘the earth in the old stone age.’ ” 

And as we glance through our magic binoculars, we do indeed 
see the promised view. 

Before our very eyes, off there on the planet Earth, we see 
men dad in skins, with dubs for weapons, pursuing strange 
beasts like hairy elephants on the land surface which we recognise 
as Europe. And in America — there on the Manhattan Island we 
left two hours ago — the great skyscrapers have vanished, and 
in their place there are only woodlands and bare outcropping 
rocks, with here and there a group of huge tusked mastodons and 
other strange creatures. 
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What can it mean? Are we merely dreaming? Have we gone 
mad, that such phantasms haunt our eyes? 

Yet we know the answer. This is the panorama that we have 
come forth to see. This is what the advertisements promised us 
— quite as folders to allure one on a round-the-world tour tell us 
of sights in India and Egypt. 

We know that we are now looking back in time, and for the 
moment, veritably living in an age some thirty thousand years 
remote because the good airship Parsec brought us here at many 
times the speed of light. 

Now we are making the cross flight to let light catch up with us. 

The revealing rays that enter om: eyes are the light-ra3rs that 
left the earth thirty thousand years ago, and, aeeping along 
snail-like, at a mere 186,000 miles per second, have taken all 
the intervening years to reach the region to which the up-to-date 
Parsec now brings us on the return trip. 

The dock there on the wall tells us that the hour is twelve; 
the calendar shows that it is the 4th of July, of the year 1930. 
Time is no different for us from what it would be if we had 
remained back there in Manhattan. The two hours that have 
elapsed during our journey are predsely the same our friends 
on the planet Earth are passing in the usual way. 

And yet, we who are living in the day called July 4th, 1930, 
are also living in a definite even if unnamed day of a definite even 
if not dearly dateable year so remote that in the interval the 
earth has made something like thirty thousand revolutions about 
the sun, punctuated with more than 10,000,000 rotations on 
its axis. 

Assuredly, the publicity man of the Parsec Company did not 
exaggerate when he promised us a novel and thrilling experience. 
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And now the ship is heading again straight toward the earth 
and our actual return journey has begun. A few minutes we whirl 
on toward the earth in a straight line — for fifteen minutes, twenty. 
These are actual minutes, as our watches show. The plane is 
flying slowly now, to give opportunity for better view of the 
panorama. 

Yet in the twenty minute interval, we have witnessed a shift 
of scenes there on the earth, like a fantastic newsreel run across 
the screen at dazzling speed. 

We And now as the Parsec swings about at right angles, and again 

Witness ^akes an orbital course, so that the newsreel runs at normal speed. 

Pyramid- . , . , . . 

Building and gives us clear visual images, it appears that great patches 
of the earth’s surface have been transformed; that cities have 
come into being m the territories we recognise as Asia and the 
region of the Mediterranean. 

In the valley of the Nile, we see men building a great structure 
which we recognize as a Pyramid approaching completion. 

And we know that we have come forward by some twenty 
thousand years in time— twenty thousand revolutions of the earth 
about the sun, which as we approach have been whirled off, with 
pin-wheel aspect, far too fast for counting. 

As now for another quarter hour we take the orbital course, 
circling round the world, we see that America is still without 
such evidences of man’s presence as we saw in Asia and Europe, 
but that the animal life has changed in the two-minute interval. 

The mastodons have gone and only deer and bison and dik 
remain in their place. These are pursued by red Indians in cloth- 
ing of skins, using rou^-stone weapons; though down in the 
neck of land between the two Americas we see evidences of 
civilization more like that of Egypt. 
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But now again we are headed earthward and again the picture 
is blurred. For the rest of the return trip, however, the schedule 
has promised us, we are to stop at shorter intervals. 

A single minute of our flight, even at lowest speed, brings us 
so much nearer the earth, that we must again swing about and 
circle; and so the remainder of our return journey will be mostly 
spent thus circling and witnessing successive days of mundane 
existence — each day represented by only a few minutes of time 
marked by our watches, as we circle round the earth; and each 
succeeding day being fifty or a hundred years later in human 
history. 

Is the picture dear? 

The conditions are quite simple and tangible. We are approach- 
ing the earth stage by stage, and stage by stage we are therefore 
encountering spheres of light-rays which, spreading in all direc- 
tions, left the earth at successively later periods. 

All the light-rays travel at the uniform speed of 186,000 miles 
per second, and the vibrations in the ether of each successive 
stratum of light-rays are equivalent to the image on a movie nega- 
tive— a permanent record of visual conditions at a given instant. 

And we, receiving these images at any given part of our journey, 
are effectively in the same position as a movie audience, which 
similarly re-lives the past as it witnesses on the screen the events 
which really happened last wedk;, last month, or last year. 

The difference is merely that, out here in space in our airplane 
Parsec, we are witnessing events that took place not last week 
or last year, but centuries ago. 

For us, as for the movie audience, this is the 4th of July, 
1930. But while the movie audience is watching the progression 
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of, say, evaits of twenty, ten, or five days ago, we are watching 

the events of twenty, ten, or five centuries ago. 

In a word, as the movie audience re-lives the events of the 
past few weeks and days, we are reliving the events of past eras 
and centuries. 

It is all very simple, all perfectly tangible — ^nay, all inevitable, 
so long as the Parsec holds to its speed, reduced now to about 
100 parsecs per minute. 

And as yet its motor shows no sign of failing. 

Circle after circle we make, each time a few minutes nearer 
the earth, as our watches mark the time; a century or so nearer 
to the year 1930 A.D. as the historic newsreel is screened on the 
background of the earth itself before our eyes. 

Details of the successive reels need not be rehearsed. Indeed, 
by this time our eyes are almost exhausted with the bewildering 
splendors of the successive pictures, in which the whole pageant 
of human progress from the time of the Pharaohs has been wit- 
nessed at first hand— actually witnessed with contemporary 
vision; yet, paradoxically, viewed from beginning to present 
culmmation (from age of P3nramids to age of skyscraper) in the 
space of an actual sixty minutes. 

And at last, almost home again, we circle about Alpha Cenlauri 
that nearest star neighbor, and know that we are less than two 
parsecs (a mere four and a third light-years or, say, 25 trillions 
of miles) from home. Here we listen to radio messages of the 
year 1926 — for radio waves travel with the speed of light. The 
view on the earth as we thus circle to salute our neighbor, reveals 
the scenes of the year 1926. 

The space-gap separating us from the earth has narrowed to 
negligible dimensions. 
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The time-gap separating present and past is now reduced to 
years instead of centuries. 

We may close both gaps, looping the loop about each of our Home 
sister planets as we descend, and find ourselves back at Mitchell 
Field on Long Island precisely on schedule, one P.M. Eastern Time 
Standard Time (which is six P.M. Greenwich or world time). 

And so ends our round-the-Stellar-System three-hour tour in 
the airplane Parsec, at the promised speed of 10,000 parsecs 
(thirty-five hundred light-years) per minute, with that admirable 
avant courier Imagination for our guide and interpreter. 

It has been such a journey as could not possibly have been 
conceived, much less undertaken, before our own day. The very 
word parsec is a word of our own time. There was no need of such 
a word until recent generations, for there was no conception of 
the ideas that made such a unit of measurement necessary. 

Only within the past century, and notably within the term 
of the present generation, has the true vastness of the universe 
been comprehended. 

Less than three centuries have passed smce it was proved that 
light travels at finite and measurable speed. 

Only since the beginning of the 19th century has it been known 
even to the leaders of thought that Time is long. Prior to that 
it was believed that our earth was less than 6000 years old, and 
what was accepted as the authoritative records declared that the 
earth was created before the sun and moon and stars. 

The same record told of a firmament solidly vaulted and sup- 
porting primeval waters yet older than the earth. The entire 
mechanism of earth and heavens was conceived as a structure 
of such relatively diminutive size that it might be stored in a 
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corner of the solar system as we now know it, without obstructing 
the movements of the planets. 

Another OuT trip in the good airplane Parsec has given us visual demon- 
stration both of the breadth of space and the length of time. 

Past Let me now invite you to make another vo3^ge into the past, 
quite different in plan, but under guidance of the same mentor. 
Imagination, to witness in more leisurely manner the sequence 
of events from the time of the Pyramid-builders forward, with 
reference in particular to those attempted explorations of time 
and space through which one generation after another of keen- 
eyed and inquiring-mmded men — ^peering out into the starry 
depths through which our Parsec voyage has just carried us — 
slowly and laboriously garnered new series of facts and interpre- 
tations based on concrete observation — from which ultimately 
emerged a transformed conception of the size, the structure, the 
nature, the origin, and the destiny, of the world in which they 
found themselves. 

Let us, in other words, take up the story of the great deeds 
of the Great Astronomers. 

It is a far descent from the flight through space at hundreds 
of parsecs per minute, with stars for companions, to the slow 
progress among the faltering phrases and blurred images of the 
pages of a book. 

But if you will think of these pages as constituting a sort 
of guide-book to the scenes that you witnessed, but had not al- 
ways time to dwell on, in the course of the Parsec journey (some- 
what as one reads geographies and histories to refresh one’s 
memory after a tour round-the-world), perhaps the pictures 
supplied by your own imagination may form a background that 
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will give a vividness and glamor to the successive scenes that I 
dare not hope the words by themselves can evoke . 

And in that case, you will feel in the end that the Parsec voyage 
was indeed a memorable journey and that the story of astronomy, 
however faultily here presented, is intrinsically among the most 
important sagas of human experience. 

I invite you, then, to this second voyage — a journey with 
stars for a background, indeed, yet primarily amidst human 
scenes the record of which is from one viewpoint a story of 
cLStronomical achievement, and in another and larger view, the 
story of how man strove to comprehend and chart the universe 
and how, somewhat in proportion as he succeeded in opening up 
new realms of the stars, he succeeded also in finding himself. 

A story, that is to say, not primarily of the stars, but of man’s 
relation to the stars. 
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THE OLD HEAVEN 

“And God made the firmament, and divided 
the waters which were under the firmament 
from the waters which were above the firma- 
ment: and it was so. And God called the firma- 
ment Heaven. 

“And God made two great lights; the greater 
light to rule the day and the lesser light to rule 
the night: he made the stars also. And God 
set them in the firmament of the heaven to give 
light upon the earth.” 

— Oriental Anthology, 

“Hast thou with him spread out the d^y, 
which is strong, and as a molten looking glass?” 

— Oriental Anthology, 




I 

THE MAGIC FEATS OF ERATOSTHENES 

I T WAS the day of the summer solstice. The year was not far 
from the dose of the first century of the rule of the Ptolemies 
in Egypt. A man in Greek costume was standing on the flat 
roof of the library building in the city of Alexandria, eagerly 
awaiting the moment when the stm should cross the meridian. 

The man was not watching the sun itself. He was watching, 
with keenest scrutiny, a shadow cast by the sun — ^the shadow of 
an upright peg, which had been adjusted with meticulous accuracy 
in the vertical position. 

The shadow-watcher was tall, spare, with the aspect of a 
dreamer. He stroked his long gray beard meditatively, as he 
stooped to note the slow creep of the shadow toward the meridian 
line. A very young man — ^hardly more than a boy — ^kneeled on 
the other side of the post, and watched the shadow with an 
expression of puzzlement. Presently he spoke: 

“Are you sure. Master Eratosthenes, that this shadow will 
really tell you the size of the world?” 

The older man nodded, without raising his eyes. 

“There can be no doubt of it,” he said. “It is very simple, 
but I will explain it to you once more.” 

“I will attend carefully, and try to understand, but it seems 
very mysterious. To measure the size of the whole earth by 
merely looking at a shadow, here in Alexandria! - It seems quite 
impossible.” 
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“It is not impossible. Nor is it even very difficult,” said the mas- 
ter serenely, still watching the shadow. “But you have not stated 
the conditions accurately. I shall not measure the world merely 
by looking at this shadow. By itself, that would tell me nothing 
about the size of the world. But you know that men have meas- 
ured the distance along the earth to Syene, and found it five 
thousand stadia. And you know that Syene lies in a direct line 
south of us.” 

“All that I know well. Master Eratosthenes.” 

“And have I not told you that on this day of the solstice, 
when the sun comes farthest north in its journey, a vertical post 
such as this casts no shadow in Syene, because the sun is directly 
above, at the zenith, so that it shines down to the bottom of the 
deepest well?” 

Measur- “That, too, I remember. Master. It is the rest that puzzles 
me. I know that the world is round, both because you have told 

Earth 

me, and because I can see ships from the housetop that cannot 
be seen when I stand on the shore, and the sails come into view 
before the ships themselves. It seems strange, and hard to believe 
— and many people cannot believe it at all; but I know it is 
true. And I know that a vertical line always points straight 
toward the center of the earth, because you have told me so.” 

“Yes, so I have told you, and it is true. And it follows, does 
it not, that the line of this vertical post, here in Alexandria, 
cannot be parallel with the line of a vertical post in Syene, or 
any distant place — since, starting from widely separated places, 
they come together at the earth’s center, like spokes of a wheel 
at the hub?” 

“It must be so. Master, yet it seems very strange. Does it 
mean that if there are people on the other side of the world, 
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their feet also point toward the center of the globe, and so, 
compared with us, they walk with their heads downward?” 

“That would be true if the other side of the world were in- 
habited. But we have reason to believe that there is only water 
there. No people can live, even on this side of the globe, much 
below the line of the tropic, there at Syene, nor very far to the 
north. One region would be too hot, the other too cold; and to 
east and west, as your geography has taught you, land ends, and 
beyond is only water, though once there was a continent called 
Atlantis, off beyond the Pillars of Hercules.” 

Though he thus answered freely the young man’s questions, 
Eratosthenes did not for an instant neglect the creeping shadow. 
Now it was almost at the meridian line. A few moments more, 
and the two lines coincided. 

The old man motioned to his companion to come closer, and 
note with what accuracy he marked the end of the shadow with 
a sharp-pointed stylus. He waited a few minutes, to observe that 
the shadow now appreciably lengthening showed that the true 
meridian had been tested. Then he rose to his feet, and regarded 
the youth complacently. He unfolded a sheaf of tablets that had 
hung by his side, and began drawing outlines on one leaf with 
the stylus. 

“See how simple it is,” he explained. “The sun is so far away 
that its rays that come to Syene and those that come to us here 
may be regarded as parallel. You have studied geometry, and 
know what I mean. The rays are not truly parallel, of course, 
since they come to different places on the earth from the sun, but 
the distance of the sun is so great, in comparison with the earth’s 
size, that we may call the rays parallel, without significant error.” 

Again the youth interrupted. “Is the sun, then, so very far 
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away?” he queried. “It seems very near, because it is so bright. 

Is it farther away than the moon?” 

“Eighteen or twenty times as far away, and therefore it is 
vastly larger than the moon, since to our eyes they seem of the 
same size. '’‘Aristarchus of Samos has measured the distances, 
and he thinks that the sun, being so enormous, must be at the 
center of the universe, and that the earth revolves round it. If 
that is true, the world is turning round and round from west to 
east, so that the sim seems to move through the sky from east 
to west.” 

“And is that true, Master?” 

The old Greek stroked his beard, as was his wont when medi- 
tating or in doubt. “I do not feel sure,” he said. “I am more a 
geographer than an astronomer, and the evidence to me is not 
conclusive. We will talk more about that another time. Now let 
me give you the further explanation of the measurement we are 
making, and then I will make the calculation — ^which will not be 
difficult, now that we have the angle to guide us.” 

“It would be not only difficult, but impossible, for me,” said 
the youth frankly. 

“Not when I have told you how to do it. What puzzles you, 
perhaps, is that you are thinking of the shadow cast by the vertical 
post. But the shadow, as such, does not concern us. We watched 
the shadow merely to note the exact point of its end when the 
sun was at the meridian. If now we fasten a string to the top of 
the post, and bring the other end of the string to the point here 
that I marked as the end of the shadow, that string indicates 
the line of the sxmbeam that cast the shadow, does it not?” 

“I see that clearly,” said the youth. 
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“And we can measure the angle between the string and the 
post?” 

“Surely.” 

“Well, that angle is the one we are seeking. That shows us, 
in effect, how far this post, here in Alexandria, leans, in compari- 
son with the post, also vertical, in Syene. And as I draw the lines 
here on my tablet, you will see from your geometry — ^the proposi- 
tion that tells about the angles made by parallel lines cutting 



Fig. 3. — The Earth Measurement of Eratosthenes. 


another line, you remember — ^that the angle between the string 
and the post is of the same size as the angle at the center of the 
earth between the extended post at Syene and this post here 
likewise extended to the earth’s center. It is a matter of mere 
observation to find how many degrees of arc this angle subtends. 
Do you understand what I mean?” 

“I think so. Any circle, large or small, is divided into the same 
number of degrees — ^three hundred and sixty. So the length of 
a degree varies indefinitely with the size of the circle considered.” 
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“Precisely. And with a radius of given length, you can inscribe 
a circle of only a given size. No matter how many circles you 
draw, they will be the same size.” 

“That is clear.” 

“And if you measure an arc of that circle, and then are told 
what angle lies between the two radii that subtend the arc, you 
can readily compute the size of the circle, can you not?” 

“Surely. If the angle is, for example, ten degrees, it takes 
thirty-six such angles to complete the circle. And so the meas- 
ured arc must be multiplied by thirty-six to give the circum- 
ference of the circle.” 

“Bravo! You have stated the whole case. Now we have only 
to apply what you have said to our earth-measuring problem. 
The arc of the circle about the globe which we have measured, 
namely, the distance from Syene to Alexandria, is five thousand 
stadia. The angle we have just measured, with the aid of the 
sun and the post, is — ^let us test it.” 

He held up a leaf of his tablet on which angles of various 
sizes were inscribed, and placed it back of the juncture of post 
and string for comparison. 

“It is an angle of something over seven degrees, as you see,” 
he said. “Let us say, seven degrees and twelve minutes. That 
would be” — ^he made a rapid calculation — “just one fiftieth of 
three hundred and sixty degrees, would it not.” 

“I cannot do such sums in my head,” said the youth, “but I 
can see that it is not far wrong.” 

“You will find it quite right, I think. And now, can you multiply 
five thousand stadia by fifty?” 

“That is not so difficult. It would be two hundred and fifty 
thousand stadia.” 
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“Right. And that, as you see, must be the distance round the 
world,” said Eratosthenes, smiling. “So we have found it a very 
simple thing to survey the earth, without travelling more than 
one-fiftieth of the way round it.” 

“It does not seem to me very simple,” said the youth, “though 
I think I now understand just what you have done.” 

He regarded the venerable geographer with frank admiration 
as he added, naively, “And I think it very wonderful.” 

The old Greek smiled, and waved his hand deprecatingly. “I 
don’t know that it matters much just how big the earth is,” he 
said, “since men can live only upon a small patch of its surface. 

But it was an amusing experiment.” 

Precisely six months after the day on which he had measured Eratos- 
the earth, Eratosthenes and the youthful Hipparchus were again 
engaged in the study of the sun’s shadow, at the top of the library the 
building at Alexandria. Ediptic 

They had been there many times in the interim, but this day, 
the 2ist of December, was to give data of altogether excq)tional 
significance. This being the day of the winter solstice, the shadow 
to be observed would be, of course, the longest of the year. The 
difference between this shadow and the short shadow that had 
been measured and recorded on the 21st of June, would repre- 
sent the amount of the sun’s departure from an even equatorial 
course in its successive annual journeys across the heavens. 

“Have you never made the measurement on the winter solstice 
day before?” young Hipparchus questioned. 

“I have made it many times, and with a good degree of ac- 
curacy,” the Master told him. “But this perfected gnomon will 
give us an added measure of accuracy, while at the same time 
making our task very simple.” 
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The instrument to which Eratosthenes referred looked, at first 
glance, like a brass kettle, about two feet in diameter, and half 
as deep — ^perfectly round and xmiform in shape, like a spherical 
globe cut precisely in two, and the upper half discarded. 

It was hollow, like a kettle, and at the bottom, in the exact 
center, was a little post of metal about ten inches high, which 
would obviously be exactly perpendicular when the kettle rested 
in natural position, supported, so that its rim was precisely hori- 
zontal. If you looked carefully, you saw that the interior of this 
hemisphere was not merely polished, but marked with fine lines, 
circling concentrically at regular intervals. 

Eratosthenes called the youth’s attention to the lines. 

“You know, of course,” he said, “that these lines divide the 
surface into degrees and fractions of a degree. We are going to 
measure the angle the sunbeam at the top of the post makes 
with the vertical post, just as we did before. But now we shall 
not need to use a string and actually measure the angle itself. 
We need only look where the end of the post’s shadow comes, and 
read the answer directly from these lines on the spherical sur- 
face. I call the apparatus an ‘armillary sphere.’ It is a simple 
affair, but we shall find it convenient.” 

“I think it is a very wonderful invention,” said the youth 
with customary enthusiasm. 

“Hardly that,” said the venerable inventor. “It involves no 
new principle, and I feel that I have been rather stupid not to 
think of making such a device before. But we have it now, and 
we must level it exactly, and fix it in position before the sun 
gets much nearer the meridian. A few cups of water in the bottom, 
below the level of the shadow, will enable us to do that easily.” 

The adjustment was soon made, and presently the sun ramp 
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to the meridian, and the precise angle of the shadow was read 
from the scale, and recorded, on the page of a tablet-sheaf where 
the similar record made six months earlier was already inscribed. 

Eratosthenes compared the two records with eager interest, 
and computed the difference, which he found to be forty-seven 
degrees, forty-two minutes, and thirty-nine seconds of arc. He 
showed the result to the youth, who watched with almost awed 
attention. 



Fig. 4. — ^The Principle of Eratosthenes. Angles A, B, and C (or 
A', B', C') Measure Respectively Arcs A, B, and C of the Earth’s 
Surface. 


“Half that amount,” he said, “or a little less than twenty- 
four degrees, represents the distance the sun departs, southward 
in winter and northward in summer, from the plane of the earth’s 
equator. You can make the division accurately for yourself, and 
at the summer solstice next year we will measure again, with 
this new apparatus, to verify our other observation. But we 
shall not find it far wrong, I think.” 

“It seems very strange to me,” said the youth, “that the sun 
should wobble about in its course, instead of going in the same 
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path. And more strange still, perhaps, that it should vary only 
by just so much from the equatorid plane year after year — 
since it chooses to vary at all.” 

“If it kept the same equatorial course, we should have no 
change of seasons throughout the year,” the savant explained. 
“And if its changes were not uniform, the seasons would he 
chaotic, and our part of the world would be as uninhabitable, 
perhaps, as those regions off toward the equator where no one 
can live now.” 

“All that I can understand,” said Hipparchus, “but I cannot 
understand why it is so arranged.” 

Eratosthenes smiled benevolently. “The gods have so willed 
it,” he said. “I know no other answer. But if you say that this 
is hardly better than no answer at all, I shall not dispute you. 
At least we may count it something, though, that we have learned 
from studying the shadows just what path the sun does travel.” 

“That is indeed much,” said Hipparchus. Then buoyed by the 
enthusiastic optimism of his youth, he added: 

“I shall remember all the things you have taught me, Master 
Eratosthenes, and when I am older I shall study the sun very 
diligently, and perhaps I shall be able to find out the explanation 
of its strange wanderings.” 

The venerable astronomer, who — though the foremost man of 
science of his age — ^was also a poet, recalling the dreams of his 
own youth, smiled indulgently. 

“In the meantime,” he said, “there is another application of 
the information we have just gained that I think will interest 
you. You remember that we measured the angle of the sun on 
the day of the summer solstice. Do you recall what we found 
the angle to be?” 
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“Certainly, Master. It is seven degrees and twelve minutes.” 

Eratosthenes was making a computation on his tablet. He 
nodded approval, and then held the tablet for the lad’s inspection. 

“Those simple figures tell us something that no man ever knew 
before. They tell us where we are on the surface of the globe 
— ^just how far we are from the equator. You see how simple 
the computation is. As we have just found that the width of 
the Tropic Zone, in which the sim wanders, is forty-seven de- 
grees and something over forty-two minutes, half that amount is 
the farthest distance the sun departs from the equator at the 
time of each solstice. Here are the figures, you see — 23 degrees, 
51 minutes, and some seconds. The sun was that far north of 
the equator when we measured it last summer, and found it 7 
degrees and 12 minutes from us, here in Alexandria.” 

Young Hipparchus gave an exclamation of delight. “And that 
means that by adding these sums, as you have done, we find 
the distance of Alexandria from the equator — 31 degrees and 
a little more than 3 minutes, you have written it. How 
wonderful!” 

“Perhaps it is too simple to be called wonderful,” Eratosthenes 
demurred. “But as I said, it is a new truth that has interesting 
implications. It is something that we are the first persons in all 
the world to know just where we live on the globe — a truth that 
was withheld even from such master-thinkers as Pythagoras and 
Anaxagoras and Aristotle. But far more important is the fact 
that our new knowledge will give us a fixed point of reckoning 
as a basis for maps of the habitable world, which will aid not 
alone the scientific students of geography, but merchants and 
travelers everywhere.” 

“It is very wonderful!” the youth repeated. 
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With that verdict, every modem will agree. Creative genius 
of the highest order was required to devise such experiments, 
even though the experiments themselves were truly simple, and 
seem almost crude in the light of the perfected technique of our 
own day. But it is the discovery of the new principle that really 
counts. 

And the principle of earth-measurement that Eratosthenes 
utilized is the same that has guided every navigator and explorer 
from Columbus to Admiral Byrd. 

Had not the old Greek divined the applicability of that princi- 
ple, it is by no means unlikely that America might remain an 
undiscovered continent even to this day — for all geography of 
the Roman period had its source in Eratosthenes, and it was 
this geography that guided Columbus. 

As to the accuracy of the results attained by the first earth- 
measurer — that is a matter of altogether minor significance. 

It was not possible that the observation of shadows should 
rival in accuracy the telescopic study of the declination of stars 
with a modern transit instrument; or even the mariner’s sight- 
ing of the sun with a perfected sextant. Moreover, Eratosthenes 
was misinformed by the Ptolemaic surveyors as to the exact loca- 
tion of Syene — ^which in fact is neither exactly on the Tropic 
of Cancer nor directly on the meridian of Alexandria. 

Here, then, were two sources of practical error. But, as it 
chanced, the two virtually neutralized each other, and a modern 
commentator has estimated that the famous measurement did not 
err by more than one percent from the truth as modem geogra- 
phers, after generations of effort, have determined it. Moreover — 
and this is still more remarkable — the measurement of the ecliptic 
with the perfected gnomon led Eratosthenes, we are told, to locate 
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Alexandria at parallel 31 degrees 3 minutes of North latitude; 
and modern geography locates it at 31 degrees 12 minutes — a 
difference of less than ten miles! 

On yet another occasion, master and pupil are together. 

“There are some studies of the sun,” said Eratosthenes, “that 
were made not long ago by Aristarchus of Samos, and which led 
him to very remarkable conclusions. We might make some similar 
studies one of these days, if you like.” 

The youth, Hipparchus, expressed his delight by look and 
eager word. 

“Can we begin at once?” he queried. 

“We must wait till the moon is precisely at the half,” the mas- 
ter told him. “You will understand why when I have explained 
what we are to do.” 

“Is it something I shall be able to understand?” 

“Very readily, if you recall your geometry lessons about simple 
angles, as I am sure you do. Indeed, there is only one principle 
involved, and that is the very simple one that if you can determine 
the size of one of the acute angles of a right-angled trian^e, you 
can chart the entire triangle, showing the exact relative lengths 
of all its sides.” 

“I remember that proposition very well,” said Hipparchus. 

“Here, then, is the application. The moon shines by the re- 
flected light of the sun, as you know. So when the moon is seen 
by us as precisely a half moon, the line of our sight, to the moon, 
must make precisely a right-an^e with the line of the sun’s ra}^ 
which illuminate the part of the moon we see. Is that dear?” 

“I had not thought of it before, but it could not be otherwise.” 

“If, then, at such a time, you were to sight the moon with one 
straight stick or instrument, and at the same moment I were 
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to sight the sun (through smoked glass) with another stick laid 
across yours, the angle between the two sticks would be, would 
it not, one acute angle of the right-angled triangle which has 
the sun at the other acute angle and the moon at the right angle? 
So when we have measured the angle between our two sticks, 
we can chart this great triangle, coiild we not?” 



Fig. s. — Diagram to Show How Aristarchus Measured the 
Sim’s Distance. 


“I see at once that we could do that, and so get the shape of 
the triangle, but should we know anything about its size?” 

“Not at first. But we could see at once that the line between 
the sun and the moon is longer than the line from the moon to 
the earth, and could estimate the exact proportion between these 
distances. Is it not so?” 

“Clearly. We need only extend the line of the sticks to form 
the hypotenuse of the triangle.” 

“And that would be an important beginning. If, then, we could 



THE OLD HEAVEN 45 

find out how far we are from the moon, we could readily com- 
pute, with the aid of our triangle, the distamce of the sun, and 
from that, the size of the sun, compared with the moon and the 
earth.” 

“I can see that it must be so, but it seems very astonishing 
to think that such things could be learned merely from cross- 
ing two sticks.” 

“So it surely does. And that is why this test, as Aristarchus 
made it, is a wonderful experiment. But of course the determining 
of the angle between the sticks, though it is the key to the whole 
problem, does not by itself suffice. We must use knowledge gained 
from eclipses to give us clues to the relative sizes of the earth 
and moon, and the distance of the moon from the earth, in 
terms of the earth’s diameter.” 

“And has Aristarchus done all this?” 

“Yes; he has made these computations, and many others. He 
found the angle of the crossed sticks to be an angle of eighty- 
seven degrees, and from this charted a triangle which shows the 
sun to be eighteen times as far away from the earth as is the 
moon. This makes the sun several thousand times larger than 
the moon, and perhaps three hundred times the size of the earth.” 

“That seems quite impossible,” said the youth, marvelling. 

“Not impossible, certainly,” the Master corrected. “But widely 
at variance with the opinions that have usually been held. Those 
opinions, however, have been mostly mere guesses, and the com- 
putations of Aristarchus, you must remember, are founded on 
experiment. It is because it all seems so startling that I have 
thought it might be of interest for us to make the experiment 
of measuring the angle with the crossed sticks for ourselves. 
We shall use, of course, the quadrant with which you have seen 
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me measure angles between stars. I think it may be a more 
accurate instrument than any that Aristarchus had. In that case, 
we may, perhaps, improve on his measurements, and better his 
conclusions. But in any event, we shall be able to do something 
that he could not do — vre shall be able to calculate the distances 
(earth to moon, earth to sun, and all the rest), as well as the 
sizes of moon and sun, in terms of actual stadia; whereas he 
could only calculate in terms of relative distances and dimen- 
sions. Do you recall why we have this advantage?” 

“To be sure. It is because you have measured the actual size 
of the earth, which no one knew before,” the youth responded 
instantly. “And I saw you do it,” he added proudly. 

“Then you see how one experiment fits into another,” said the 
Master. “And how an observation may have xmexpected bearings. 
You may recall my saying that to know the exact size of the 
globe might be of no great consequence, since we can live on only 
a small part of it. But now we see that knowledge of the size 
of the earth leads to knowledge of the moon and the sun as well 
— telling us new things about the universe. And that, if not of 
immediate practical importance, is at least of great human 
interest.” 

“To me,” said Hipparchus (who was destined to become him- 
self a distinguished astronomer, and the father of one yet more 
famous), “to me, the study of the sun and moon and planets 
seems the most interesting thing in all the world. I shall count 
the hours impatiently till the moon is at the half, and I can 
watch you make this wonderful experiment. It will be like seeing 
a miracle performed.” 

“It is indeed a wonderful experiment,” said Eratosthenes. “And 
you must not fail to remember that it was not I, but Aristarchus 
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of Samos, who devised it. It seems a simple observation. Yet I 
think we should not be far wrong in estimating it — ^in view of 
its far-reaching implications — one of the most amazing demon- 
strations ever given of the inventive fertility of the human 
intellect.” 

With that verdict, we of a later epoch — recalling that about 
seventeen hundred years were to elapse before men should again 
appear who would even attempt to catch intellectual step with 
the old Greek — can most heartily agree. But at the same time 
we must appraise the path-breaking work of Eratosthenes him- 
self, who first measured the earth, as entitled to stand side by 
side with the achievement of his slightly older contemporary, the 
first sun-measurer. 

Both men were amazing geniuses, gifted with that rarest of 
human endowments, creative imagination. 


II 

FORERUNNERS OF ERATOSTHENES 

T he city of Alexandria, where Eratosthenes made his famous 
measurement, was situated at the mouth of the Nile. But 
only in a geographical sense was it an Egyptian city. It had been 
founded about a century before by Alexander the Great, and it 
had present importance because it was the seat of government 
of Alexander’s general (and putative half-brother) Ptolemy, who 
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made himself king of the African portion of the great Mace- 
donian’s empire. 

Ptolemy had been with his chief in the east, and was with him 
in Babylon when he died. He had therefore come personally in 
contact with the Babylonian civilization. Without doubt this 
had a most important influence upon him, and through him upon 
the new civilization of the west. 

In point of culture, Alexandria must be regarded as the suc- 
cessor of. Babylon, scarcely less directly than of Greece. Ptolemy 
himself was, of course, a Macedonian, and therefore, from the 
Athenian standpoint, hardly better than a barbarian. But he 
counted himself a Greek. And the city which his chief had 
founded and which became his capital, has always been accounted 
a Greek city. 

Following the Babylonian model, Ptolemy erected a vast 
museum and began collecting a library. Before his death it was 
said that he had collected no fewer than 200,000 manuscripts. 
He had gathered also a company of great teachers, and founded 
a school of science which made Alexandria the culture-center of 
the world. 

This work, in all its cultural aspects, was carried forward 
energetically by Ptolemy Philadelphus, son and successor of the 
founder of the dynasty, and by the succeeding descendants who 
for some centuries maintained the glory of the principality and 
made the name of Ptolemaic Egypt a synonym for oriental splen- 
dor no less than for Grecian culture. 

Eratos- Under the second and third Ptolemies, the library grew. It is 
said to have attained ultimately 700,000 volumes. Ancient figures 
may always be taken with due allowance, but there can be no 
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question that the famous library of the Ptolemies was the greatest 
collection of books anywhere got together in ancient times. 

Doubtless it was also one of the most cosmopolitan of libraries. 
Papyrus scrolls of Eg3q)t in hieratic writing must have mingled 
with parchment scrolls of Greece, and with copies of Babylonian 
records, if not the original inscribed clay tablets themselves. Not 
unlikely there were also records from the farther east — from 
Persia, India, even China. It was recorded that Alexander had 
sent back treasures from the far east, and the pupil of Aristotle 
was not likely to overlook written records among the rest. These 
would gravitate naturally to Alexandria, when that became the 
culture-center of the world. 

Eratosthenes, who was born in upper Egypt, came to Alex- 
andria to be the custodian of books in the great library. The nick- 
name “Beta” (the second) given him implies that he was one 
of the most learned of men, being accounted at worst second 
to the acknowledged leader in many departments of thought 
and research. That he should be primarily a geographer, in the 
age when the almost fabulous conquering pilgrimage of Alexander 
had fixed the attention of the western world on geography, was 
almost a matter of course. The use we have seen him make 
of his geographical — combined with astronomical — ^knowledge 
clearly enough shows that he was no mere pedant, but a man 
of practical genius. 

The official librarian of the greatest collection of books in 
the world may well be supposed to have been among the most 
indefatigable of readers. No doubt he was familiar with the lan- 
guages in which the chief books of the collection were inscribed. 
And his taste for geography and astronomy would naturally lead 
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him to make hims elf master of the contents of all leading works 
on these subjects. 

Thus he must have become thoroughly familiar with whatever 
had been recorded in Egypt and Babylonia on every aspect of 
astronomy. 

It is interesting to attempt, in a vague general way — ^nothing 
beyond that being possible — ^to reconstruct the antique concep- 
tions of the heavens as they must have presented themselves to 
the custodian of books in the Alexandrian library there toward 
the latter part of the third century before our era. 

It excites one’s envy to reflect on the hundreds of volumes that 
lay before him, whose existence is known to us of a later day 
only by chance references, or is known not at all. There were 
other works, however, that were destined to be preserved, wholly 
or in part, or the import of which is known with reasonable cer- 
tainty from excerpts made by writers whose productions were 
fortimate enough to escape the ravages of the subsequent period. 

At best, however, one feels a sense of futility in attempting to 
reconstruct the astronomical knowledge and cosmologic specula- 
tions of the generations preceding the time of Eratosthenes, when 
individual observers appear, from our distant view, as at best 
balf-mytbicaJ characters, regarding whose attainments the tran- 
scribed records are often contradictory and almost always more 
or less doubtful. 

Even of Aristarchus of Samos, the Copernicus of antiquity, 
whose life perhaps overlapped that of Eratosthenes, we know 
almost nothing beyond the fact that he lived at Samos, an island 
at the eastern end of the Mediterranean, and wrote a treatise on 
measuring the distance of the sun that has been preserved. The 
more important fact that he conceived the sun to be the center of 



THE OLD HEAVEN 51 

the universe, with the world revolving about it, has come down 
to posterity largely by a chance utterance of the great geometer 
Archimedes. 

That testimony, with a few other rumors, suffices to establish 
the fact that Aristarchus held this view, which to his contempora- 
ries must have seemed utterly fantastic. But what would we 
not give to be able to peruse his own discussion of this revo- 
lutionary doctrine, as doubtless Eratosthenes was able to do there 
in the Alexandrian library. 

But, for the matter of that, the same futile wish comes with 
mention of almost every one of the great Greek predecessors 
of Eratosthenes, with whose names are associated the successive 
stages of advance in astronomical knowledge that led up from 
the old Oriental conception of the world as a flat disk afloat on 
primordial waters, to the Pythagorean conception of the round 
world — even perhaps a moving world— which Aristotle accepted, 
and which led to the culminating conception of Aristarchus. 

Briefly summarized, the Greek achievements may be listed in 
some such order as this: 

First came Thales, oldest of Greek philosophers, whose popular 
fame was derived from his supposed prediction of an eclipse, as 
recorded by Herodotus. Thales lived in Asia Minor, in close 
contact with the Babylonian civilization, and doubtless his knowl- 
edge of astronomy was gained at second hand, at least very 
largely, from the Babylonian records. 

His great contribution to the method of the future astronomer 
was the development of the principle of triangulation, through 
which the distance of any body may be determined from measure- 
ment of a base line and of the two angles at the comers of the 
triangle. 


Thales, 

First 

Greek 

Astron- 

omer 
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For Thales, the earth remained a flat disk, after the Baby- 
lonian model. There are, indeed, contradictory rumors, but there 
seems no adequate ground for supposing that he attained the 
conception of a round world. 

That conception was attained by philosophers of the school 
of Pythagoras, out in Italy. P5dhagoras himself, like his successor 
Aristarchus, was a native of the Island of Samos, but he migrated 
to Italy, and he is chiefly remembered as the founder of the 
Italic School. It is somewhat in dispute whether P}dhagoras 
himself or one of his followers, Parmenides or Philolaus, origi- 
nated and chiefly taught the doctrine of the round earth. But 
at all events that conception is ascribed to the Pythagorean 
School. 

So far as we know, this doctrine of the round earth was a brand 
new conception, never attained by any earlier astronomer or 
cosmologic dreamer. It is the preeminent contribution of Greece 
to a true conception of cosmology. 

It stopped far short, however, of the true conception of the 
rotating and revolving world. 

Aristarchus, as we have seen, attained even to that height, 
but his voice was unheeded in his own generation, and utterly 
ipored for about seventeen centuries afterward. 

The other notable Greek contributions were the conception 
of Anaxagoras, the Clazomenean philosopher who was ultimately 
banished from Athens for his iconodasm, that the sun is really 
a great ball of molten iron and that edipses are due to the shadow 
of the earth on the moon. His contributions further induded a 
true interpretation of the moon’s phases, and the sagadous guess 
that the Milky Way is composed of vast numbers of minute stars, 
which owe their characteristic appearance to the earth-shadow 
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cast on them by the sun when it is passing on the under side 
of the world. 

Of course the shadow part of this theory was fantastic, though 
it would not seem so were we to suppose, as Anaxagoras and his 
contemporaries did, that the vault of the firmament is at a com- 
paratively short distance from the earth. 



Fig. 6. — An Edipse of the Moon, as Correctly Conceived 
by Anaxagoras. 


For the rest, the system of epicycles of Eudoxus, which at- The 
tempted to explain the curious movements of the sun and plane- 
tary bodies, may be taken as the final contribution of Greek Eudoxus 
thought to cosmology prior to the time of Aristarchus. 

This scheme consisted essentially of the invention of an elab- 
orate series of imag i n ary spheres which revolved and carried 
sun, moon, and the various planets with them in a way to account, 
after a fashion, for the observed movements of these bodies. 
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We shall learn something more of these epicycles in a modified 
form, a little later. Here it suffices that the scheme of Eudoxus 
was accepted by Aristotle, and elaborated at least with his co- 
operation to comprise fifty-five different spheres of revolution, 
and that this doctrine, fantastic to modern eyes, was to keep 
grip on the cosmologic dreamers of Europe for a term of more 
than two thousand years. 



Fig. 7. — ^The Moon’s Phases as Correctly Interpreted by Anaxagoras 
and Subsequent Greeks. 

What did wise old" Eratosthenes, the librarian, think of these 
. fantastic epicycles of his Greek precursor? 

We do not know. We know only that he accepted the sphericity 
of the earth as beyond cavil — dse he would not have measured it. 

One has a feeling that so practical a man would look askance 
at a system which cobwebbed the sky with imaginary circles. 
But one cannot know. After all, the epicycles did explain the 
astronomical phenomena, and we shall see how completely a 
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similar conception — indeed only a modified conception — domi- 
nated the mind of the great Hipparchus, the successor of 
Eratosthenes. 

We shall see also in due course that the same conception was 
dominant throughout the astronomical world for more than a 
thousand years thereafter. 

Indeed, it had assured place in science, as the only plausible 
explanation of the observed phenomena of the heavens, until the 
remote successor of Aristarchus, the illustrious Copernicus, should 
come to transform the world’s conception of the essential scheme 
of the planetary S 3 ^tem which for the ancients was the universe. 

But the Greek conceptions of the cosmos were perhaps less Antiquity 
insistently before the mind of the Alexandrian librarian than Egyptian 
the far more ancient Oriental conceptions, as recorded in the Astion.- 
archives of Egyptian and Babylonian lore. 

We must not forget that the Greeks, in the eyes of Egyptians 
and Babylonians, were parvenus. 

“0 Solon,” said the Egyptian priest when the wise man of 
Greece visited him, “0 Solon, you Greeks are but children.” 

And why should he not speak thus, when we reflect that Greek 
civilization, in that sixth century before our era, was not far 
from its beginnings, whereas the Egyptians stood in the shadow 
of pyramids and temples that represented a civilization three 
thousand, perhaps four thousand, years earlier— a period far 
more remote from the sixth century B.C., than that century is 
from our own time? 

How shall one attempt to summarize the astronomical knowl- 
edge, the cosmologic speculations, of a civilization spread across 
such an abysm of time? 

We know that the p 3 n:amid-builders were astronomers, at what 
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we speak of as “the dawn of history,” about four thousand years 
before the begin nin g of the Christian era. We know this because 
there are sloping tunnels in the pyramids that can be accounted 
for only on the supposition that they were designed to make 
visible from the depths of the pyramid itself a particular star, 
which at that time was the pole star. 

We know too that there are other channels, and also corridors 
in some of the great temples, which appear to be oriented for 
observation of the rising or setting of the sun on the day of the 
summer solstice. 

We know further that the Egyptians very early recognised 
that their year of twdve thirty-day months did not correspond 
exactly with the solar cycle, and were led to introduce an extra 
period of five days — a “little month” between the end of the 
twelfth month and the new year. 

This did not quite solve the problem of adjusting the calendar 
to the true year, but the shift of seasons that resulted was so 
slow that it probably was not thought of as an inconvenience. 
Meantime the fact of early recognition of the approximate length 
of the true year in itself connotes a certain stage of astronomical 
development. 

Again, we know that the Egyptians early noted the apparent 
eastward movement of the sun in a restricted course across the 
heavens, and were led to name and number the constellations 
of the zodiac. 

Their fantastic conceptions of animal forms as imaginary 
figures scrolling the firmament were transmitted to the Greeks, 
and have come down to us not greatly modified. Absurd as they 
are, they have seemed a convenience to the amateur star-gazers 
of all generations. 
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It is obvious that the development of these imaginary boun- 
daries of the star groups implies careful study of the positions 
of the stars themselves. 

Naturally the question arises as to what interpretation the The 
Egyptians put upon the heavens they scrutinized. The question is 
by no means easy to answer. One doubts whether old Eratos- tation 
thenes, there in his library, with a wealth of material at hand, 



Fig. 8. — ^Egyptian Conception of the Separation of the Heavens From 
the Earth. (Redrawn from Maspero’s Dam oj CivUizatiott.) 


and with opportunity to consult the astronomer-priests of his 
time as well, could have answered the question with any degree 
of finality. 

Consider in the first place that we have to do with the opinions 
and beliefs not of a single generation, but of perhaps twelve hun- 
dred generations of men, even counting only from the time of the 
pyramid-builders. 

The star-gazers of Egypt were priests, and astronomy was a 
sacerdotal function. Therefore we may suppose that interpreta- 
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tions of the heavens, once made, were not readily abandoned. 
Still it must be recognised that even the ecclesiastic mind can 
change, at least as to details of interpretation, and perhaps even 
more than once, in twelve hundred generations. 

So when we ask what was the Eg3^tian interpretation of the 
heavens, we ask a question impossible of explicit answer. 

About the most that can be hoped for is to gain an inkling 
of the Egyptian interpretation of the heavens in the later day 
when the Greeks had attained a stage of civilization at which 
they could record their own ideas, and contrast them with the 
ideas of contemporary nations with which they came in contact. 

Coupled with this we have the hieroglyphic records of the 
Egyptians themselves, which moderns have learned to interpret. 
But these are religious records, and scholarship is incapable 
of interpreting, with any large degree of certitude, the religious 
beliefs of an alien people. 

Suppose the hypothetical visitor from Mars to whom we are 
always appealing were to set out to interpret the religious be- 
liefs of the inhabitants of Christendom in the 20th century. 
When he had read the sacred books, compiled lists of what 
appeared to him to be deities from the Hagiologies, racked his 
brain over the differences that separated the devotees of some 
scores of sects, each viewing the inspired testimonials from a 
.different angle — ^what, think you, is likely to be the validity of 
the report he will make? 

Correspondingly valid, I take it, is the interpretation that we 
are likely to make of the records which seem to tell of hierarchies 
of gods of high and low degree in the Egyptian Pantheon. 

We are asked to believe that the Egyptians thought the sun 
to be the abode of one of the major gods, who progressed along 
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a celestial river, and battled the god of darkness. We are told that 
the celestial river was connected with the Nile at its source, that 
the sun-god came nearer to Egs^t in the summer because then 
the river overflowed, even as the Nile did, and the god of a 
preference kept as near as possible to the hither bank of the 
stream. 



Journey Through Egj^t. (Redrawn from Rosellini’s Monumente 
Del Ctdto.) 

We are told too that the stars were regarded as celestial hosts, 
each one either a sort of lantern carried by the spirit of a minor 
deity, or itself constituting such a deity. 

The planets, of course, were the abiding-places of yet other 
deities. These in particular concerned themselves with the affairs 
of men, and foretold human events — ^though astrology apparently 
did not attain the position in Egypt that it held in Mesopotamia. 

But when we ask just what degree of literalness is implied in 
these interpretations, no satisfactory answer is forthcoming. 
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Probably the rank and file of the Egyptians accepted such 
interpretations literally, just as the rank and file of modems 
accept literally the conventional interpretation of sundry of their 
cabalistic rituals. But one greatly doubts whether the astrono- 
mer-priests who generation after generation studied the stars, 
and acquired the knowledge of the movements of the heavenly 
bodies implied in their records, regarded the crude anthropo- 
morphisms that they served out to the people as other than 
symbols. 

The Be that as it may, however, there is perhaps no reason to 

doubt that even the wisest of the astronomer-priests had very 
ogy crude notions indeed as to the actual structure of the cosmic 
mechanism. 

We may be certain that they regarded the stars as mere sparks 
or candle-flames of light, placed in the firmament either to de- 
light the eye of man or in some other way to serve his purposes. 
There is probably no doubt that they regarded the earth as an 
oblong structure (the Nile Valley being, of course, the model) 
and the vault of the heavens as a literal cover of metal or glass, 
supported at the corners either by mountains or pillars of inde- 
terminate character. 

That this box-like earth is the center of the universe — the 
one big, all-important structure in the universe — ^was of course 
never called in question. That is an obvious truth, which we 
may suppose astronomer-priests and people alike took for 
granted. 

The conception that the earth is a subordinate structure in the 
cosmic mechanism; that the sun is a gigantic body at the center 
of the planetary system; and that the stars are in reality suns 
—these conceptions would no more have occurred to the mind 
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It would be noted, too, that profoundly important matters of 
sacred ritual were of the same astronomical origin. Over and 
over it was repeated that seven bullocks, seven rams, seven lambs 
without blemish — in each case one for each planetary deity — 
should be used in preparing the savory meat-offerings. 

To Eratosthenes such ideas must have seemed fantastic. In- 
heritor of the rationalistic traditions of such forebears as Anaxa- 
goras, Anaximander, and a host of others, the man who had 
measured the round world must have looked with amusement 
and pity on such childish traditions, even as he looked upon 
the associated cosmologic schemes of the Babylonians, according 
to which the earth is a flat disk, with mountains at its borders, 
surrounded by an interminable ocean. 

Himself a poet, he must have read with interest, even with 
pleasure, the poems that enshrine the cosmologic and cosmogonic 
guesses of the Asiatic Orientals. But the part of him that was 
geographer rather than poet must have shrugged shoulders at 
those passages which told of the flat earth resting on an infinite 
ocean or (in other versions) supported by pillars. 

Whether he viewed in the same light passages which told of 
the creation of the solid vault of the firmament before the earth 
itself was created, and of the creation of the sun, moon and 
planets on a subsequent day (and “the stars also” as an after- 
thought), we can only surmise. For though we know that the 
earth-measurer had a true conception as to the form and size 
of the globe, we have no clear record as to what were his views 
of the mechanism of the heavens. 

Let us leave the great earth-measurer in his library, amidst 
literary treasures that modern eyes are not privileged to see. 
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III 

HIPPARCHUS, “the LOVER OF TRUTH” 

E ratosthenes outlived most of Ms great contemporaries. 

He saw the turning of that first and greatest century of 
Alexandrian science, the tMrd century before our era. 

He died in the year 196 B.C., having, it is said, starved him- 
self to death to escape the miseries of blindness; — to the meas- 
urer of shadows, life without light seemed not worth the living. 

The great geographer-astronomer left no immediate successor. 
A generation later, however, another great figure appeared in the 
astronomical world in the person of Hipparchus, a man who, as 
a technical observer, had perhaps no peer in the ancient world: 
one who set so high a value upon accuracy of observation as to 
earn the title of “the lover of truth.” 

Hipparchus was bom at Nicaea, in Bith3mia, in the year 166 
B.C. His life, all too short for the interests of science, ended 
in the year 125 B.C. The observations of the great astronomer 
were made chiefly, perhaps entirely, at Rhodes. A misinterpreta- 
tion of Ptolemy’s writings led to the idea that Hipparchus per- 
formed his chief labors in Alexandria, but it is now admitted that 
there is no evidence of tMs. Delambre doubted, and most subse- 
quent writers follow him here, whether Hipparchus ever so much 
as visited Alexandria. 

In any event there seems to be no question that Rhodes may 
claim the honor of being the cMef site of his activities. 

Hipparchus was credited with an epigram of rather dubious 
import, to the effect that his great predecessor, Eratosthenes, 
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approached astronomy from the standpoint of the geographer, 
and geography from the standpoint of the astronomer. 

It is not quite clear that this was intended as criticism, though 
commonly so interpreted. In any case, no counter-charge in kind 
could be made against the critic himself; he was an astronomer 
pure and simple. His gift was the gift of accurate observation 
rather than the gift of imagination. 

No scientific progress is possible without scientific guessing, 
but Hipparchus belonged to that class of observers with whom 
hypothesis is held rigidly subservient to fact. 

It was not to be expected that his mind would be attracted 
by the heliocentric theory of Aristarchus. He used the facts and 
observations gathered by his great predecessor of Samos, but he 
declined to accept his theories. For him the world was central; 
his problem was to explain, if he could, the irregularities of 
motion which sun, moon, and planets showed in their seeming 
circuits about the earth. 

Hipparchus had the gnomon of Eratosthenes — doubtless in a 
perfected form — to aid him, and he soon proved himself a master 
in its use. 

Accuracy of observation was everything: that alone could lead 
to success. 

Perhaps his greatest feat was to demonstrate the eccentricity The Sun’s 
of the sun’s seeming orbit. 

We of to-day, thanks to Kepler and his followers, know that 
the earth and the other planetary bodies in their circuit about 
the sun describe an ellipse and not a circle. But in the day of 
Hipparchus, though the ellipse was recognized as a geometrical 
figure (it had been described and named along with the parabola 
and hyperbola by Apollonius of Perga, the pupil of Euclid), 
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yet it would have been the rankest heresy to suggest an elliptical 
course for any heavenly body. 

A metaphysical theory, as propounded perhaps by the Pytha- 
goreans but ardently supported by Aristotle, declared that the 
circle is the perfect figure, and pronounced it inconceivable that 
the motions of the spheres should be other than circular. This 
thought dominated the mind of Hipparchus, and so when his 
careful measurements led him to the discovery that the north- 
ward and southward journeyings of the sun did not divide the 
year into four equal parts, there seemed nothing open to him 
but to assume that the earth does not lie precisely at the center 
of the sun’s circular orbit. 

In point of fact, the sun (reversing the point of view in ac- 
cordance with modern discoveries) does lie at one focus of the 
earth’s elliptical (nearly circular) orbit, and therefore away from 
the physical center of that orbit. 

In other words, the observations of Hipparchus were abso- 
lutely accurate. He was quite correct in finding that the sun 
spends more time on one side of the equator than on the other. 

When, therefore, he estimated the relative distance of the 
earth from the geometrical center of the sun’s supposed circular 
orbit, and spoke of this as the measure of the sun’s eccentricity, 
he propounded an idea in which true data of observation were 
curiously mingled with a positively inverted theory. 

That the theory of Hipparchus was absolutely consistfent with 
all the facts of this particular observation is the best evidence 
that could be given of the difficulties that stood in the way of 
a true explanation of the mechanism of the heavens. 

But it is not merely the sun which varied in the speed of its 
orbital progress; the moon and the planets also show curious 
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accelerations and retardations of motion. The moon in particular 
received most careful attention from Hipparchus. 

Dominated by his conception of the perfect spheres, he could 
find but one explanation of the anomalous motions which he 
observed, and this was to assume that the various heavenly 
bodies do not fly on in an unvarying arc in their circuit about 



Fig. II. — ^The Seasons According to Hipparchus. The Orbit of 
the Sun is Circular, but the Earth is not at the Center. Note the 
Constellations of the Zodiac. 

the earth, but describe minor circles as they go which can be 
likened to nothing so tangibly as to a light attached to the rim 
of a wagon-wheel in motion. 

If such an invisible wheel be imagined as carrying the sun, 
for example, on its rim, while its invisible hub follows unswerv- 
ingly the circle of the sun’s mean orbit (this wheel, be it imder- 
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stood, lying in tlie plane of the orbit, not at right-angles to it), 
then it must be obvious that while the hub remains always at 
the same distance from the earth, the circling rim will carry 
the sun nearer the earth, then farther away, and that while it is 
traversing that portion of the arc which brings it towards the 
earth, the actual forward progress of the sun will be retarded 
notwithstanding the uniform motion of the hub, just as it will 
be accelerated in the opposite arc. 

Now, if we suppose our sim-bearing wheel to turn so slowly 
that the sun revolves but once about its imaginary hub while the 
wheel itself is making the entire circuit of the orbit, we shall 
have accounted for the observed fact that the sun passes more 
quickly through one-half of the orbit than through the other. 

Moreover, if we can visualize the process and imagine the sun 
to have left a visible line of fire behind' him throughout the 
course, we shall see that in reality the two circular motions 
involved have really resulted in producing an elliptical orbit. 

The idea is perhaps made clearer if we picture the actual 
progress of a lantern attached to the rim of an ordinary cart- 
wheel. 

When the cart is drawn forward the lantern is made to revolve 
in a circle as regards the hub of the wheel, but since that hub 
is constantly going forward, the actual path described by the 
lantern is not a circle at all but a vraving line. It is precisely 
the same with the imagined course of the sun in its orbit, only 
that we view these lines just as we should view the lantern on 
the wheel if we looked at it from directly above and not from 
the side. 

The proof that the sun is describing this waving line, and 
therefore must be considered as attached to an imaginary wheel. 
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is furnished, as it seemed to Hipparchus, by the observed fact 
of the sun’s varying speed. 

That is one way of looking at the matter. It is an hypothesis 
that explains the observed facts — ^after a fashion, and indeed 



Fig. 12. — ^The Epicycles of Hipparchus. 

(Compare with Fig. 13.) 

a very remarkable one. The idea of such an explanation did 
not originate with Hipparchus. The germs of the thought were 
as old as the Pythagorean doctrine that the earth revolves about 
a center that we cannot see. Eudoxus, as we saw, gave the con- 
ception greater tangibility, and may be considered as the father 
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of doctrine of wheels — epicycles, as they came to be called. 
We saw, too, that the cartwheel scheme of the universe had 
the sanction of Aristotle himself. 

As new irregularities of motion of the sun, moon, and planetary 
bodies were pointed out, new epicycles were invented. There is 
no limit to the number of imaginary circles that may be in- 



Fig. 13. — True Explanation of Seemingly Looped Orbit of an Outer 
Planet. Inner Circle, Earth’s Orbit. Outer Circle, Orbit of Mars. 
Loafed line, the Apparent Course of Mars, as Projected Against the 
Stationary Stars. Cause: the Earth’s More Rapid Revolution. 

scribed about an imaginary centre, and if we conceive each one 
of these circles to have a proper motion of its own, and each 
one to carry the sun or planet in the line of that motion, except 
as it is diverted by the other motions — ^if we can visualize this 
complex mingling of wheels — ^we shall certainly be able to imagine 
the heavenly body which lies at the juncture of all the rims, 
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as being carried forward in as erratic and wobbly a manner as 
could be desired. 

In other words, the theory of epicycles will account for all 
the facts of the observed motions of all the heavenly bodies, but 
in so doing it fills the universe with a most bewildering network 
of intersecting circles. 

Even in the time of Aristotle, it will be recalled, fifty-five of 
these spheres were computed. 

We may well believe that the clear-seeing Aristarchus would 
look askance at such a complex system of imaginary machinery. 
But Hipparchus, pre-eminently an observer rather than a 
theorizer, seems to have been content to accept the theory of 
epicycles as he found it, thou^ his studies added to its com- 
plexities. 

And Hipparchus was the dominant scientific personality of his 
century. What he believed became as a law to his immediate 
successors. 

His tenets were accepted as final by their great popularizer, 
Ptolemy, two centuries later; and so the heliocentric theory of 
Aristarchus passed under a cloud almost at the hour of its dawn- 
ing, there to remain obscured and forgotten for the long lapse 
of centuries. 

A thousand pities that the greatest observing astronomer of 
antiquity could not, like one of his great precursors, have ap- 
proached astronomy from the standpoint of geography and 
poetry. 

Had he done so, perhaps he might have reflected, like Aris- 
tarchus before him, that it seems absurd for our earth to hold the 
giant sun in thraldom. Then perhaps his imagination would have 
reached out to the heliocentric doctrine, and the cobweb hypoth- 
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esis of epicycles, with that yet more intangible figment of the 
perfect circle, might have been wiped away. 

But it was not to be. With Aristarchus the scientific imagina- 
tion had reached its highest flight; but with Hipparchus it was 
beginning to settle back into regions of foggier atmosphere and 
narrower horizons. 

For what, after all, does it matter that Hipparchus should go 
on to measure the precise length of the year and the apparent 
size of the moon’s disk; that he should make a chart of the 
heavens showing the place of 1080 stars; even that he should 
discover the precession of the equinoxes; — what, after all, is 
the significance of these details as j^nst the all-essential fact 
that the greatest scientific authority of his century — ^the one 
truly heroic scientific figure of his epoch — should have lent all 
the forces of his commanding influence to the old, false theory of 
cosmology, when the true theory had been propounded and when 
he, perhaps, was the only man in the world who might have 
substantiated and vitalized that theory? 

It is easy to overestimate the influence of any single man, 
and, contrariwise, to underestimate the power of the Zeitgeist. 

But when we reflect that the doctrines of Hipparchus, as pro- 
mulgated by Ptolemy, became, as it were, the last word in as- 
tronomical science for both the Eastern and Western worlds, 
and so continued after a thousand years, it is perhaps not too 
much to say that Hipparchus, “the lover of truth,” missed one 
of the greatest opportunities for the promulgation of truth ever 
vouchsafed to a devotee of pure science. 

But all this, of course, detracts nothing from the merits of 
Hipparchus as an observing astronomer. 

A few words more must be said as to his specific discoveries 
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in this field. According to his measurement, the tropic year 
consists of 365 days, s hours, and 49 minutes, varying thus only 
12 seconds from the true year, as the modern astronomer esti- 
mates it. 

Yet more remarkable, because of the greater difficulties in- 
volved, was Hipparchus’s attempt to measure the actual distance 
of the moon. Aristarchus had made a similar attempt before him. 
Hipparchus based his computations on studies of the moon in 
eclipse, and he reached the conclusion that the distance of the 



Fig. 14 . — ^An Eclipse of the Sun, Clearly Understood by Hipparchus. 


moon is equal to 59 radii of the earth (in reality it is 60.27 
radii). 

Here, then, was the measure of the base-line of that famous 
triangle with which Aristarchus had measured the distance of 
the sun. 

Hipparchus must have known of that measurement, since he 
quotes the work of Aristarchus in other fields. Had he now but 
repeated the experiment of Aristarchus, with his perfected in- 
struments and his perhaps greater observational skill, he was 
in position to compute the actual distance of the sun in terms 
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not merely of the moon’s distance but of the earth’s radius. And 
now there was the experiment of Eratosthenes to give the length 
of that radius in precise terms. 

In other words, Hipparchus might have measured the distance 
of the sun in stadia. 

But if he had made the attempt— and, indeed, it is more than 
likely that he did so — the elements of error in his measurements 
may still have kept him wide of the true figures. 

The chief studies of Hipparchus were directed, as we have 
seen, towards the sun and the moon, but a phenomenon that oc- 
curred in the year 134 B.C. led him for a time to give more 
particular attention to the “fixed” stars. 

The phenomenon in question was the sudden outburst of a 
new star; a phenomenon which has been repeated now and 
again, but which is sufficiently rare and sufficiently mysterious 
to have excited the unusual attention of astronomers in all 
generations. 

Modem science offers an explanation of the phenomenon, as 
we shall see in due course. We do not know that Hipparchus 
attempted to explain it, but he was led to make a chart of the 
heavens, probably with the idea of guiding future observers in 
the observation of new stars. Here again, Hipparchus was not 
altogether an innovator, since a chart showing the brightest stars 
had been made by Eratosthenes; but the new charts were much 
elaborated. 

The studies of Hipparchus led him to observe the stars chiefly 
with reference to the meridian rather than with reference to their 
rising, as had hitherto been the custom. 

In making these studies of the relative position of the stars, 
Hipparchus was led to compare his observations with those of 
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the Babylonians, which, it was said, Alexander had caused to be 
transmitted to Greece. He made use also of the observations of 
Aristarchus and others of his Greek precursors. The result of 
his comparisons proved that the sphere of the fixed stars had 
apparently shifted its position with reference to the plane of 
the sun’s orbit — that is to say, the plane of the ecliptic no longer 
seemed to cut the sphere of the fixed stars at precisely the point 
where the two coincided in former centuries. The plane of the 
ecliptic must therefore be conceived as slowly revolving in such 
a way as gradually to circumnavigate the heavens. 

This important phenomenon is described as the precession of 
the equinoxes. 

This phenomenon consists of a slow westward movement of Piecesaon 
the point of intersection of the imaginary line of the sun’s course 
in the celestial sphere with the imaginary extended plane of the 
earth’s equator, — that is to say, of the equinoctial point. 

It is a matter of supreme importance to the astronomer, be- 
cause the longitudinal position (sooUed Right Ascension) of 
the stars is calculated from this point, or rather from the meri- 
dian passing through this point— just as terrestrial longitude is 
calculated from the meridian of Greenwich. 

Celestial longitude, or Right Ascension, is calculated all in one 
direction, eastward, throughout 360 degrees, instead of countmg 
in both directions, to meet at meridian 180 half-way round, but 
the principle is the same. The shift of the equinoctial point, or 
zero meridian, makes the stars year by year change their longi- 
tude, or Right Ascension. 

The amount is less than one minute of arc per year (50.10 
seconds, to be accurate), but the cumulative effect in a long term 
of years is notable. 
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Since the formation of the earliest catalogue to be preserved 
(the catalogue of Hipparchus) the place of the equinox has retro- 
graded about 30 degrees — equivalent to something like sixty 
apparent diameters of the moon. A star-catalogue, therefore, is 
accurate only for the period in which it is made. But the relative 
positions of the stars do not change, and the value of an old 
catalogue is at once restored by applying the same correction to 
all star-longitudes. 

It will be imderstood, of course, that the actual cause of pre- 
cession is not the movement of the star-vault, but the slow, even 
swing of the earth as its axis, without changing its angle of slope 
as regards the ecliptic, swings about, describing a cone of such 
dimensions that its completion takes place only in a period of 
almost 26,000 years (25,868). 

The effect will be best understood if one thinks of an ordinary 
top, spinning with its axis tipped at an angle of about twenty- 
three degrees witb the level surface, say a table-top, on which its 
point rests. Observe the top of the axis describe a circle, while 
the point of support on the table does not move. If the table-top 
is regarded as the plane of the ecliptic, and the rim of the top 
as the earth’s equator, it will appear that the angle of intersection 
of the two planes does not change, although the place of inter- 
section constantly does change, swinging around as the top 
swings. 

To make the comparison altogether accurate, of course the 
table-planes and the top-planes should intersect at the center of 
the top itself. A top suspended in gimbal rings would more accu- 
rately illustrate the principle. But the ordinary spinning top is 
more familiar, and the principle of shifting point of intersection 
is illustrated just as accurately in one case as in the other. 




Plate III: A Region of titk Milky Way (Ykrkks Ohskrvatory) 
The relatively starless areas are called Dark Nebulae 
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We have only to imagine that the top, which in reality swings 
clear about in perhaps ten seconds, requires nearly 26,000 years 
for the process, and we have a clear picture of the genesis of the 
phenomenon of the precession of the equinoxes, which Hip- 
parchus discovered. 



Fig. 15. — ^The Precession of the Equinoxes. Plane of Equator 
Shaded; Plane of Ecliptic Unshaded. Note the Big Dipper Pointing 
Out the Present Pole Star. At the Left is Vega, which will be the 
Pole Star About 13,000 Years from Now. 

Of course Hipparchus himself had no such mental picture of How 

Precession 

the process. 

He supposed the earth to be stationary, and could only infer covered 
that the great vault of the firmament, in which what he supposed 
to be “fixed” stars were imbedded, revolved as a whole on an 
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axis about twenty-three degrees different from the axis of our 
globe. As to why such a revolution takes place he can have had 
no notion whatsoever. But for the matter of that, neither could 
he have any notion as to the reason for the observed movements 
of any other of the heavenly spheres that make up his system 
of epicycles. 

His business was not to find explanations, but to observe phe- 
nomena, and to devise mechanical contrivances consistent with 
the motions observed. 

Incidentally, the successors of Hipparchus were no better en- 
li^tened as to the cause of precession, even after it was known 
that the earth and not the heavens is responsible for the phe- 
nomenon, until Newton, with the aid of his law of gravitation, 
explained it as due to the disturbing tug of moon and sun on the 
earth’s protuberant equatorial region. 

Explanations aside, it was vastly to the credit of Hipparchus 
that he discovered a shift in star-positions which, in the term of 
one man’s period of observation, is almost negligible. In thirty- 
five years, for example, the shift mounts to only about the ap- 
parent diameter of the moon. 

It appears, however, that Hipparchus had access not alone to 
the records or star-charts of the old Babylonians, but also to 
Egyptian records that may have been even more helpful. Indeed 
it is more than probable that the phenomenon of precession, 
though unnamed, was familiar to Egyptian star-gazers of a much 
earlier period — ^in which case Hipparchus should be credited with 
re-discovery, rather than with first observation of precession. 

This after all is but another case in which the observer of 
one generation builds on the work of his predecessors, and in 
which credit for discovery is given, and justly given, to the man 



THE OLD HEAVEN 79 

who makes tangible an idea that before him had been only 
vaguely adumbrated. 

It was Newton himself who said: “If I have seen further than 
other men, it is because I have stood on the shoulders of giants.” 

Professor Simon Newcomb, commenting on this appraisal, and 
noting how truly a like comment could be made regarding New- 
ton’s great predecessors, carries the comparison back to Hippar- 
chus, and concludes: 

“If we seek the teachers and predecessors of Hipparchus, we 
find only the shadowy forms of Eg3T>tian and Babylonian priests, 
whose names and writings are entirely lost.” 

But if thus we recognize that the discoveries of Hipparchus 
were not unaided, this detracts nothing from the fame of the 
greatest observing astronomer of antiquity. He was known fur- 
ther as the inventor of the planisphere, a device for the represen- 
tation of the mechanism of the heavens. His computations of the 
properties of spheres led him also to what was virtually discovery 
of the method of trigonometry, giving him, therefore, a high 
position in the field of mathematics. 

All in all, then, Hipparchus is a most heroic figure. His chart 
of more than one thousand stars woidd by itself give him secure 
position as the greatest observing astronomer .of antiquity. His 
suggestion that longitude might be determined by observing the 
parallax of the moon in eclipse was a striking innovation, of 
basic importance for the geographer, even though the lack of a 
better timepiece than the water-clock made such observations 
only approximately successful. 

Here was, in a word, an astronomer of almost universal genius. 
The verdict of posterity named him “father of systematic 
astronomy.” 
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And as he was the greatest, so he was to be the last of the 
star-gazers of antiquity who made new contributions to the sum 
of astronomical knowledge — though he had one successor who 
was to achieve even wider fame as a cosmologist, as will appear 
in the succeeding chapter. 


IV 

PTOLEMY AND THE ALMAGEST 

W E HAVE seen that the third century B. C. was a time 
when Alexandrian science was at its height, but that the 
second century produced also in Hipparchus at least one investi- 
gator of the very first rank; though, to be sure, Hipparchus can 
be called an Alexandrian only by courtesy. 

In the ensuing generations the Greek capital at the mouth of 
the Nile continued to hold its place as the centre of scientific 
and philosophical thought. The kingdom of the Ptolemies still 
flourished with at least the outward appearances of its old-time 
glory, and a company of grammarians and commentators of no 
small merit could always be foimd in the service of the famous 
museum and library. But the whole aspect of world-history was 
rapidly changing. Greece, after her brief day of political suprem- 
acy, was sinking rapidly into desuetude, and the hard-headed 
Roman in the West was making himself master everywhere. 

While Hipparchus of Rhodes was in his prime, Corinth, the 
Icist stronghold of the main-land of Greece, had fallen before the 
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prowess of the Roman, and the kingdom of the Ptolemies, thou^ 
still nominally free, had begun to come within the sphere of 
Roman influence. 

Just what share these political changes had in changing the 
aspect of Greek thought is debatable. 

But there can be no question that, for one reason or another, 
the Alexandrian school as a creative centre went into a rapid 
decline at about the time of the Roman rise to world-power. 
There are some distinguished names, but, as a general rule, the 
spirit of the times is reminiscent rather than creative; the workers 
tend to collate the researches of their predecessors rather than to 
make new and original researches for themselves. 

Eratosthenes, the inventive world-measurer, was succeeded by 
Strabo, the industrious collator of facts; Aristarchus and Hip- 
parchus, the originators of new astronomical methods, were suc- 
ceeded by Ptolemy, the perfector of their methods and the 
systematizer of their knowledge. 

Ptolemy was a Greek and an Alexandrian. It does not appear 
that he was related to the aforetime royal family. His antece- 
dents, indeed, are quite unknown. 

Even the exact dates of Ptolemy’s life are doubtful, but his 
recorded observations extend to the year 151 A. D. 

He was a working astronomer, and he made at least one 
original discovery of some significance — ^namely, the observation 
of a hitherto unrecorded irregularity of the moon’s motion, which 
came to be spoken of as the moon’s evection. This consists of 
periodical aberrations from the moon’s regular motion in its orbit, 
which, as we now know, are due to the gravitation pull of the sun, 
but which remained unexplained until the time of Newton. 

Ptolemy also made original observations as to the motions of 
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the planets. He is, therefore, entitled to a respectable place as 
an observing astronomer. But his chief fame rests on his writings. 

His great works have to do with geography and astronomy. In 
the former field he makes an advance upon Strabo, citing the 
latitude of no fewer than five thousand places. 



Fig. 16. — ^Ptolemy. (Redrawn from an old French print 
of doubtful authenticity.) 

In the field of astronomy, his great service was to have made 
known to the world the labors of Hipparchus. 

Ptolemy has been charged with appropriating the star-chart 
of his great predecessor without due credit. Undoubtedly he used 
that chart as the basis of his own. But it is almost certain that he 
had no thought of plagiarising. All along he is sedulous in his 
references to his predecessor. 
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Indeed, his work might almost be called an exposition of the 
astronomical doctrines of Hipparchus. 

No one pretends that Ptolemy is to be compared with the 
Rhodesian observer as an original investigator, but as a popular 
expounder his superiority is evidenced in the fact that the writ- 
ings of Ptolemy became practically the sole astronomical text- 
book of the Middle Ages both in the East and in the West, 
while the writings of Hipparchus were allowed to perish. 

The most noted of all the writings of Ptolemy is the work Origin of 
which became famous under the Arabic name of Almagest. tie Name 

This word is curiously derived from the Greek tide E megiste 
syntaxis, “the greatest synthesis” (or construction) a name given 
the book to distinguish it from a work on astrology in four books 
by the same author. For convenience of reference it came to be 
spoken of merely as E megiste from which the Arabs form the 
tide Tabair al Magisthi, under which dtle the book was published 
in the year 827. From this is derived the word Almagest, by 
which Ptolemy’s work continued to be tided among the Arabs, 
and subsequendy among Europeans when the book again became 
known in the West. 

Ptolemy’s book, as has been said, is virtually an elaboration of 
the doctrines of Hipparchus. It assumes that the earth is the fixed 
centre of the solar system, and that the stars and planets revolve 
about it in twenty-four hours, the earth being, of course, spher- 
ical. It was not to be expected that Ptolemy should have adopted 
the heliocentric idea of Aristarchus. Yet it is much to be regretted 
that he failed to do so, since the deference which was accorded 
his authority throughout the Middle Ages would doubdess have 
been extended in some measure at least to this theory as well, 
had he championed it. 
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Contrariwise, his unqualified acceptance of the geocentric doc- 
trine sufficed to place that doctrine beyond the range of challenge. 

Scope The Almagest treats of all manner of astronomical problems, 
but the feature of it which gained it widest celebrity was perhaps 
that which has to do with eccentrics and epicycles. 

This theory was, of course, but an elaboration of the ideas of 
Hipparchus; but, owing to the celebrity of the expositor, it has 
come to be spoken of as the theory of Ptolemy. We have suffi- 
ciently detailed the theory in speaking of Hipparchus. It should 
be explained, however, that, with both Hipparchus and Ptolemy, 
the theory of epicycles would appear to have been held rather 
as a working hypothesis than as a certainty, so far as the actuality 
of the minor spheres or epicycles is concerned. 

That is to say, these astronomers probably did not conceive 
either the epicycles or the greater spheres as constituting actual 
solid substances. 

Subsequent generations, however, put this interpretation upon 
the theory, conceiving the various spheres as actual crystalline 
bodies. 

It is difficult to imagine just how the various epicycles were 
supposed to revolve without interfering with the major spheres, 
but perhaps this is no greater difficulty than is presented by the 
alleged properties of the ether, which ph3rsicists of to-day accept 
as at least a working hypothesis. 

We shall see later how firmly the conception of concentric 
crystalline spheres was held to, and that no real challenge was 
ever given that theory until the discovery was made that comets 
have an orbit that must necessarily intersect the spheres of the 
various planets. 
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Ptolemy’s system of geography in eight books, founded on 
that of Marinus of Tyre, was scarcely less celebrated throughout 
the Middle Ages than the Almagest. 

None of Ptolemy’s original manuscripts has come down to us, 
but there is an alleged fifth-century manuscript attributed to 
Agathodsemon of Alexandria which has peculiar interest because 
it contains a series of twenty-seven elaborately colored maps that 
are supposed to be derived from maps drawn up by Ptolemy 
himself. 

In these maps the sea is colored green, the mountains red or 
dark yellow, and the land white. 

Ptolemy assumes that a degree at the equator is 500 stadia 
instead of 604 stadia in length. We are not informed as to the 
grounds on which this assumption was made, but it has been 
suggested that the error was at least partially instrumental in 
leading to one very curious result. 

“Taking the parallel of Rhodes,” sasrs Donaldson, “he calcu- 
lated the longitudes from the Fortunate Islands to Cattigara or 
the west coast of Borneo at 180°, conceiving this to be one-half 
the circumstance of the globe. The real distance is only 125° or 
127“, so that his measurement is wrong by one-third of the whole, 
one-sixth for the error in the measurement of a degree and one- 
sixth for the errors in measuring the distance geometrically. 

“These errors, owing to the authority attributed to the geog- 
raphy of Ptolemy in the Middle Ages, produced a consequence 
of the greatest importance. They really led to the discovery of 
America. For the design of Columbus to sail from the West of 
Europe to the east of Asia was founded on the supposition that 
the distance was less by one-third than it really was.” 

This view is perhaps a trifle fanciful, since there is nothing to 
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suggest that the courage of Columbus would have balked at the 
greater distance, and since the protests of the sailors, which 
nearly thwarted his efforts, were made long before the distance 
as estimated by Ptolemy had been covered. 

Nevertheless it is interesting to recall that the geographical 
doctrines, upon which Columbus must chiefly have based his 
arguments, had been before the world in an authoritative form 
practically imheeded for more than twelve hundred years, await- 
ing a champion with courage to put them to the test. 

As we take leave of Ptolemy, we are leaving the ancient 
world — though we shall hear of this last of the astronomers of 
antiquity again and again. Through him the ultimate thought of 
the Alexandrians was transmitted to posterity. No significant 
addition was to be made to the astronomical observations and 
doctrines it embalms for about thirteen centuries — ^incredible as 
that may seem. 

Throughout that long period, the round, immovable earth as 
the centre of the universe, with the heavenly bodies revolving 
about it in a mesh of cycles and epicycles, was to be the unchal- 
lenged doctrine of astronomers — wherever astronomers existed. 


V 

ALBATEGNIUS — ^ALHAZEN — THE ARABS HOLD THE TORCH 

J ULIUS Caesar took back with him to Rome from the Egypt 
of Qeopatra the idea of reforming the calendar. His reform 
consisted essentially of the introduction of an extra dav every 
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fourth year, to make up for the extra quarter-day each year that 
the earth requires for its complete circuit. This involved only an 
expedient that had been suggested upward of three centuries 
before by the Greek Eudoxus. 

Through some official misunderstanding, the extra day was at 
first put in only every third year. After Caesar’s death Augustus 
corrected this mistake. While he was about it, he decided to give 
his own month, August, an extra day, to make it equal to the 
month of his uncle Julius which preceded it. So he took the day 
from February. 

With that record, ancient Rome appears for the first and last 
time in the story of astronomical progress. Ptolemy, though of 
the Roman period, was a Greek by birth and language. He had 
no immediate successors of his own race or any other. 

In the centuries after him, the library at Alexandria was 
neglected, and its treasures, so far as they did not disappear 
altogether, were to be foimd not at Rome, but in Asia. Many of 
them were to be preserved through the curious channels of Arabic 
and Armenian translations. 

And among the rest, the remarkable Synthesis of Ptolemy, 
the compendium of astronomiail knowledge, which became 
famous as the Almagest. Oddly enough at a later day this work 
was brought by the Arabs into western Europe, and at the 
instance of Frederick II of Sicily translated out of their language 
into mediaeval Latin. 

But in the meantime, the book had served as a source of knowl- 
edge and inspiration to a long line of Arabic astronomers, some 
of whom made respectable additions to observational knowledge 
of the stars and moon and planets, though no major discovery is 
recorded. 
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The Moslems did notable service in introducing from India the 
numerals that are now called Arabic. They also added to the 
astronomer’s mathematical equipment by introducing into trig- 
onometry the sine — ^the half-chord of the double arc — ^instead of 
the chord of the arc itself which the Greek astronomers had em- 
ployed. This improvement was due to the famous Albategnius, 
Measiiring whoso work iu other fields we shall examine in a moment, 
the Earth Another evidence of practicality was shown in the Arabian 
method of attempting to advance upon Eratosthenes’ measure- 
ment of the earth. 

Instead of trusting to the measurement of angles, the Arabs 
decided to measure directly a degree of the earth’s surface — 
or rather two degrees. Selecting a level plain in Mesopotamia 
for the experiment, one party of the surveyors progressed north- 
ward, another party southward, from a given point to the distance 
of one degree of arc, as determined by astronomical observations. 

The result found was fifty-six miles for the northern degree, 
and fifty-six and two-third miles for the southern. 

Unfortunately, we do not know the precise length of the mile 
in question, and therefore cannot be assured as to the accuracy 
of the measurement. It is interesting to note, however, that the 
two degrees were found of unequal lengths, suggesting that the 
earth is not a perfect sphere — a suggestion the validity of which 
was not to be put to the test of conclusive measurements until 
about the close of the eighteenth century. 

The Arab measurement was made in the time of Caliph 
Abdallah al-Mamun, the son of the famous Harun-al-Rashid. 

Both father and son were famous for their interest in science. 
Harun-al-Rashid was, it will be recalled, the friend of Charle- 
magne. It is said that he sent that ruler, as a token of friendship. 
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a marvellous clock which let fall a metal ball to mark the hours. 

This mechanism, which is alleged to have excited great wonder 
in the West, furnishes yet another instcuice of Arabian 
practicality. 

Perhaps the greatest of the Arabian astronomers was Aiba- 
Mohammed ben Jabir Albategnius, or El-batani, who was born 
at Batan, in Mesopotamia, about the year 850 A. D., and died 
in 929. 

Albategnius was a student of the Ptolemaic astronomy, but he 
was also a practical observer. He made the important discovery of 
the motion of the solar apogee. 

That is to say, he found that the position of the sun among the 
stars, at the time of its greatest distance from the earth, was not 
what it had been in the time of Ptolemy. 

The Greek astronomer placed the sun in longitude 65°, but 
Albategnius found it in longitude 82°, a distance too great to be 
accounted for by inaccuracy of measurement. The modern inter- 
pretation is that the line of apsides of the earth’s orbit slowly 
revolves, but of course this inference could not well be drawn 
while the earth was regarded as the fixed centre of the universe. 

In the eleventh century another Arabian discoverer, Arzachel, Mistaken 
observing the sun to be less advanced than Albategnius had found ^ 
it, inferred incorrectly that the sun had receded in the mean time, dation” 
The modern explanation of this observation is that the measure- 
i.aent of Albategnius was somewhat in error, since we know that 
the sun’s motion is steadily progressive. Arzachel, however, ac- 
cepting the measurement of his predecessor, drew the false infer- 
ence of an oscillatory motion of the stars, the idea of the motion 
of the solar system not being permissible. 

This assumed phenomenon, which really has no existence, was 
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named the “trepidation of the fixed stars,” and was for centuries 
accepted as an actual phenomenon. The observations of later 
generations have shown conclusively that the sun’s shift of posi- 
tion is regularly progressive, hence that there is no “trepidation” 
of the stars. 

If the Arabs were wrong as regards this supposed motion of the 
fixed stars, they appear to have made one correct new observa- 
tion as to the inequality of motion of the moon. 

Two inequalities of the motion of this body were already 
known. A third, called the moon’s variation, was doubtfully dis- 
covered by an Arabian astronomer who lived at Cairo and ob- 
served at Bagdad in 975, and who bore the formidable name of 
Mohammed Aboul Wefaal-Bouzdjani. 

The inequality of motion in question, by virtue of which the 
moon moves quickest when she is at new or full, and slowest at 
the first and third quarter, was rediscovered by Tycho Brahe six 
centuries later. The tradition that ascribes the original discovery 
to the Arabian is not quite fully authenticated. 

In the ninth and tenth centuries the Arabian city of Cordova, 
in Spain, was another important centre of scientific influence. 
There was a library of several hundred thousand volumes here, 
and a college where mathematics and astronomy were taught. 
Granada, Toledo, and Salamanca were also important centres, to 
which students flocked from western Europe. 

It was the proximity of these Arabian centres that stimulated 
the scientific interests of Alfonso X. of Castile, at whose instance 
the celebrated Alfonsine tables were constructed. 

A familiar story records that Alfonso, pondering the complica- 
tions of the Ptolemaic cycles and epicycles, was led to remark 
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that, had he been consulted at the time of creation, he could have 
suggested a much better and simpler plan for the universe. 

Some centuries were to elapse before Copernicus was to show 
that it was not the plan of the universe, but man’s interpretation 
of it, that was at fault. 

Another royal personage who came under Arabian influence 
was Frederick II (1194-1250 A. D.) of Sicily — the “Wonder of 
the World,” as he was called by his contemporaries. The Almagest 
of Ptolemy was translated into Latin at his instance, being intro- 
duced to the Western world through this curious channel. 

At this time it became quite usual for the Italian and Spanish 
scholars to understand Arabic although they were totally ignorant 
of Greek. 

In the field of physical science one of the most important of 
the Arabian scientists was Alhazen. 

His work, published about the year 1100 A. D., had great 
celebrity throughout the mediaeval period. 

The original investigations of Alhazen had to do largely with 
optics. He made particular studies of the eye itself, and the names 
given by him to various parts of the eye, as the vitreous humor, 
the cornea, and the retina, are still retained by anatomists. 

It is known that Ptolemy had studied the refraction of light, 
and that he, in common with his immediate predecessors, was 
aware that atmospheric refraction affects the apparent position of 
stars near the horizon. Alhazen carried forward these studies, 
and was led through them to make the first recorded scientific 
estimate of the phenomena of twilight and of the height of the 
atmosphere. 

The persistence of a glow in the atmosphere after the sun has 
disappeared beneath the horizon is so familiar a phenomenon 
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that the ancient philosophers seem not to have thought of it as 
requiring an explanation. Yet a moment’s consideration makes 
it clear that, if light travels in straight lines and the rays of the 
sun were in no wise deflected, the complete darkness of night 
should instantly succeed to day when the sun passes below the 
horizon. 

That this sudden change does not occur, Alhazen explained 
as due to the reflection of light by the earth’s atmosphere, 

Alhazen appears to have conceived the atmosphere as a sharply 
defined layer, and, assuming that twilight continues only so long 
as rays of the sun reflected from the outer surface of this layer 
can reach the spectator at any given point, he hit upon a means 
of measurement that seemed to solve the hitherto inscrutable 
problem as to the atmospheric depth. 

Like the measurement of Aristarchus and Eratosthenes, this 
calculation of Alhazen is simple enough in theory. 

Its defect consists largely in the difficulty of fixing its terms 
with precision, combined with the further fact that the rays of 
the sun, in taking the slanting course through the earth’s atmos- 
phere, are really deflected from a straight line by the constantly 
increasing density of the air near the earth’s surface. Alhazen 
must have been aware of this, since it was known to the later 
Alexandrian astronomers, but he takes no account of it in the 
present measurement. 

The diagram will make the method of Alha.zen clear. 

His important premises are two: first, the well recognized fact 
that, when light is reflected from any surface, the angle of inci- 
dence is equal to the angle of reflection; and, second, the much 
more doubtful observation that twilight continues until such time 
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as the sun, according to a simple calculation, is nineteen degrees 
below the horizon. 

Referring to the diagram, let the inner circle represent the 
earth’s surface, the outer circle the limits of the atmosphere, 
C being the earth’s centre, and RR radii of the earth. 

Then the observer at the point A will continue to receive the 
reflected rays of the sun until that body reaches the point S, 
which is, according to the h3rpothesis, nineteen degrees below the 



Fig. 17. — ^Alhazen’s Explanation of Twilight. (For Explanation, 

See Text.) 


horizon line of the observer at A. This horizon line, being repre- 
sented by AH, and the sun’s rays by SM, the angle HMS is an 
angle of nineteen degrees. The complementary angle SMA is, 
obviously, an angle of (180—19) one hundred and sixty-one 
degrees. 

But since M is the reflecting surface and the angle of incidence 
equals the angle of reflection, the angle AMC is an angle of one- 
half of one hundred and sixty-one degrees, or eighty degrees and 
thirty minutes. 
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Now this angle AMC, being known, the right-angled triangle 
MAC is easily resolved, since the side AC of that triangle, being 
the radius of the earth, is a known dimension. Resolution of this 
triangle gives us the length of the hypotenuse MC, and the dif- 
ference between this and the radius (AC), or CD, is obviously 
the height of the atmosphere {h), which was the measurement 
desired. 

According to the calculation of Alhazen, this h, or the height 
of the atmosphere, represents from twenty to thirty miles. The 
modern computation extends this to about fifty miles. But con- 
sidering the various ambiguities that necessarily attended the 
experiment, the result was a remarkably close approximation to 
later estimates of the truth. 

It is obvious, then, that the contribution of the Arabs to astron- 
omy was by no means negligible. In particular, it is notable in 
contrast with the total inactivity of the people of Europe during 
all these centuries, in the fields of science in general, and of 
astronomy in particular. Yet, by and large, it is perhaps rather 
to be said that the Arabs held the torch of astronomical learning, 
than that they carried it greatly forward. 

They handed the cosmos back to the western world — if the 
phrase be permitted — practically as they had received it from 
the Greeks, their Alexandrian predecessors. 

The universe as they received it was the universe of Hip- 
parchus and Ptolemy — a round, stationary earth at the centre, 
with planets, including the sun and moon, circling about in intri- 
cate systems of cycles and epicycles. 

About the only difference was that the “spheres” of 
Hipparchus and Ptolemy were mostly regarded as imaginary con- 
trivances, postulated for mathematical purposes and not envis- 
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aged as concrete mechanical structures. But the Arabs, harking 
back perhaps to their remote Oriental forebears, restored the 
concrete heavens of Egyptians and Babylonians — and extended 
the idea of a brazen or “molten glass” sphere of the starry firma- 
ment to include light glassy spheres for each of the numerous 
orbits of the planets. 



Fig. 1 8 . — ^Arabian Conception of the Epicycles of Mercury. The 
Earth is at ii, but Points 12 and 13 are the Center of Some of the 
Eccentric Orbits; Mercury is at 7. (After Dreyer.) 

It was this structure — this geocentric universe with its intricate 
system of star-studded and planet studded glassy spheres for 
heavens — that the Arabs re-introduced into Europe when the time 
came for Europe to revive its long-lost interest in matters 
astronomically cosmologic, in contradistinction to theologically 
cosmogonic. 

And so, after a breathing space which we must imagine as 
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having lasted for more than 1200 years, while we were turning a 
score or so of pages, we shall be able to take up the story of 
astronomy in Europe, with the Almagest of Ptolemy for a text- 
book in the universities and for the only authoritative work in 
the library of the connoisseur — quite as if Ptolemy himself were 
still active down there in Alexandria, instead of having been in 
his grave for twice as many centuries as were compassed by the 
entire period of development of scientific astronomy in antiquity. 



BOOK II 


ASTRONOMY IN THE 
MEDIAEVAL PERIOD 

“For the pillars of the earth are the Lord’s 
and he hath set the world upon them.’' 

— Oriental Anthology. 

“He stretched out the north over the empty- 
place, and hangeth the earth upon nothing.” 

— Oriental Anthology. 




VI 


THE CHRISTIAN WORLD TWELVE CENTURIES OF PROGRESS 

(325-1543, A.D.) 

F rom the Council of Nicaea, at which the Emperor Constan- 
tine made Europe safe for Athanasian Theocracy, to the 
time of Copernicus, whose great work, teaching that the earth is 
not the centre of the universe, was to remain under ban of the 
Council of the Inquisition until fifteen centuries after the Nicene 
victory, the record of astronomical progress in all Christendom 
may most charitably be expressed in these words: 
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COPERNICUS ENTHRONES THE SUN 

T he first evidence of a revival of astronomical interest in 
the west was new activity in the field of exploration. 
Navigation is essentially an astronomical science. The naviga- 
tor is and always has been a practical astronomer. In recent cen- 
turies he has made use of star-charts and astronomical tables 
provided for him by National Observatories, where more work 
is done in his interest than is done (or was until recently) in the 
interests of pure science in all other observatories put together. 

Of course the 15th century navigator had a far less adequate 
astronomical equipment. Naturally he had no elaborate tables of 
ephemerides, and no telescopic sextant. 

But he did have star-charts of a kind, notably that of Hip- 
parchus, as preserved by Ptolemy, showing the thousand most 
conspicuous stars visible from the Northern Hemisphere. Then, 
too, he had the astrolabe and the cross-staff, the latter of which 
was the prototype of the quadrant and sextant of later times. 

Lacking these instruments and a good practical knowledge of 
astronomy in its simpler aspects, any man would have been mad 
to put to sea on a voyage designed to take him out of si^t of 
land. Even the compass, which also had come from Arabia, how- 
ever indispensable it might be in cloudy weather, could by no 
means take the place of observations of sun and moon and stars, 
in charting a course at sea. 

los 
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The cross-staff was an exceedingly simple instrument, con- 
sisting, as its name suggests, of a cross bar of wood sliding on 
a longer stick, or ruler, which, in practical use, was pointed 
toward the heavenly bodies under observation. 

Squinting along the bar, as if sighting a gun, the user of the 
instrument, with his eye at the near end of the main stick, slid 
the cross-bar back and forth until its ends appeared to be in 
contact with the respective objects whose angular distance he 
desired to measure. 



Fig. 19. — ^An Arabian Astrolabe for Measuring the Angular Eleva- 
tion of Sun or Stats. (Note the Sights on the Rotating Lever. The 
Angle is Read Directly from the Circular Scale.) 

Or the transverse bar might be held vertically, with one end 
seemingly touching the horizon, the other in contact with some 
star of known latitude, or with the sun or moon. 

As the stars do not change their position, and as fairly accurate 
knowledge of the positions of sun and moon was available. 
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Columbus could not be in doubt as to his latitude, within a 
degree or two, at any time when the sky was imclouded. 

The determining of longitude is a quite different matter, how- 
ever, and this presented a problem that the navigator could not 
solve even approximately until some centuries after the time of 



Fig. 20 . — Cross Staff of Type Used by Columbus to Measure Eleva- 
tion of the Sun or a Star. 

Columbus, when the chronometer was invented. The clepsydra, 
or water-clock, which has served the ancient astronomers so 
well, could not be expected to operate satisfactorily on shipboard, 
and there is no record to suggest that this implement formed part 
of the equipment of Columbus. 

To determine his longitude, the navigator was therefore obliged 
to depend on “dead-reckoning,” or a rule-of-thumb estimate of 
the distance covered hour by hour. Considering the variability of 
wind and the uncertain influence of waves and ocean-currents, it 
cannot be supposed that Columbus was at any time certain of his 
longitudinal position within several himdred miles. 
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His task was simply to keep sailing westerly imtil he reached 
his destination; and to reverse the process on his return voyage. 
He knew about where he was as regards the distsince from the 
equator; but his distance from Spain was conjectural both before 
and after he came to land at the outskirts of the western 
hemisphere. 

While the successful outcome of daring projects appeared to 
demonstrate the correctness of the ancient idea that the world is 
round, it had no bearing at all on the problem of the earth’s 
motion — ^which, indeed, could perhaps hardly be called a prob- 
lem, inasmuch as the conception of the earth’s immobility, the 
centre of the universe, was not at this time challenged or con- 
sidered matter for argument. 

There was opportunity for possible difference of opinion as to 
whether the concentric spheres of Eudoxus, as championed by 
Aristotle, were more plausible than the epicycles of Ptolemy. But 
that the round world stood immovable at the centre of the uni- 
verse, with the planetary bodies, including sun and moon, circling 
about it in successive spheres was matter of fully accepted knowl- 
edge— or challenged only by those who held that the earth is not 
round at all. 

And the mobility of the earth, as a moment’s reflection will 
show, was a question upon which the circumnavigation of the 
^obe had no bearing whatsoever. The “naturalness” of the 
earth’s position at the centre of the universe was accepted pre- 
cisely as we moderns accept the “naturalness” of a body’s falling 
toward the earth under domination of the utterly mysterious 
force we call gravitation. 

Immediately following Columbus, da Gama sailed to India 



Plate IV: Nicholas Copernicus (1473-154x3) 

(Oayon composite, modified from the painting in possession of the 
Royal Society of England and other portraits) 
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around the southern point of Africa, and the expedition of Magel- 
lan circumnavigated the globe. 

But these accomplishments may best be regarded as demon- 
strating the truth of the very ancient doctrine of the round 
world, which had come in with Pythagoras, and had been ardently 
championed by Aristotle and Hipparchus and Ptolemy, and 
which had in the course of centuries come to be regarded as 
matter of common knowledge, rather than as presaging a new 
astronomical era. 

The round world had, indeed, been challenged by the ecclesias- 
tical authorities of Europe in that long period which is charac- 
terized from one viewpoint as the age of Supreme Faith, and from 
another viewpoint as the Dark Age. But as Scholasticism gave 
way to Humanism through the insistent spread of traditional 
Greek doctrines which assumed the aspect of “new learning,” the 
flat oriental world with its “waters above the firmament” had 
been effectively superseded by the round world and the universe 
of glassy spheres. 

But this implied merely that the Egyptian and Babylonian 
cosmology of the second and third millenniums before Christ 
had been superseded by the Greek cosmology of the Alexandrian 
epoch. 

It was no longer heresy to depart from the Oriental conception 
of a flat, four-cornered world; but the authorized cosmogony was 
still the cosmogony of the age of Moses and of Joshua and Isaiah. 

The patrons of Colrimbus, and for aught we know Columbus 
himself, no more challenged the standing still of the sun and 
moon at the behest of Joshua, the turning back of the sundial 
on behalf of Hezekiah, than they challenged the rotundity of the 
central earth about which these minor planetary bodies revolved. 
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In a word, the Old Heavens and the Old Earth, whose ultimate 
passing Isaiah had prophesied, was still absolutely dominant. In 
its unquestioned acceptance, orthodox science and orthodox 
ecclesiastical dogma were at one. 

To doubt that doctrine, in the age of Columbus, would perhaps 
hardly have been considered heresy, from the standpoint of either 
science or religion. It would have been considered rather as evi- 
dence of demoniacal possession — of literal madness. 

All of which must be understood if we are clearly to compre- 
hend the revolutionary character of the new conception of cos- 
mology that was to be put forward on the semi-centennial of the 
completion of the first voyage of Columbus, by the iconoclast 
named Copernicus — ^inaugurator of the greatest revolution in 
thought mankind has ever known. 

The authoritative scientific attitude of the times is revealed in 
the work of Francesco Maurolico, of Messina, (1494-1575), 
whose Comographia was published, as it chanced, in the year 
1543 — the year made memorable by the publication of the work 
of Copernicus. 

In this book Maurolico introduces a dialogue in which the 
teacher is made to say that human perversity has actually con- 
ceived the strange opinion that the earth might revolve on its axis. 

That suggestion is repudiated with arguments altogether medi- 
aeval in character. 

An explication of the epicyclic system of Ptolemy is orna- 
mented with metaphysical explanations of the reasons for the 
location and movements of the various planets — such as that 
Venus inclines more to the north and therefore has more dignity 
and must be above Mercury, while the latter in its motions re- 
sembles the moon and must therefore be next it. 
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Meantime there were not a few writers who reverted to the 
still more ancient doctrine of Eudoxus, substituting eccentric 
spheres for the deferents and epicycles of the later Greek system. 

To two of these Dreyer refers when, in his concluding sum- 
mary of the story of alleged precursors of Copernicus, he sa3rs: 

“While in Italy, at the centre of civilization, Fracastoro and 
Amici were vainly endeavoring to put life into a mummy, while 
Calcagnini, in a most self-satisfied manner, was pretending that 
some motion of the earth, without its leaving the centre of the 
world, could solve every riddle presented by the stars, and while 
Maurolico was proving to the meanest intelligence that the earth 
could not possibly have any motion, a quiet student at the shore 
of the Baltic, on the very outskirts of civilization, was preparing 
to kindle the light which was to illuminate the universe and show 
to astonished humanity the earth moving through space.” 

The “quiet student at the shore of the Baltic” was Niklas 

Coming of 

Koppernigk, famous in after time as Copernicus. Copemi- 

/ 'If a man’s place among his fellows is to be judged by his 
ultimate influence in forwarding progress toward a comprehensive 
understanding of man’s relation to the universe, the name of 
Copernicus is perhaps the greatest name in all human history. 

For in the pronouncement of Copernicus, there was inherent 
the most supreme revolution in thought — ^the most cataclysmic 
reversal of attitude of mind — of which there is record. 

From the hour when the “quiet student” enthroned the sun as 
the centre of the stellar system, dethroning the world, man’s 
habitat, from the position of authority, man potentially ceased 
to be in his own estimate the supreme achievement of creation. 

And the entire galaxies of anthropomorphic gods of all the 
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hierarchies tottered, preparatory to an abysmal plunge into the 
realm of nothingness. 

From that hour the coils of ecclesiasticism, which in every gen- 
eration had ruthlessly cramped the spirit of man, were potentially 
unloosed. 

Oriental dogma, which had checked the advance of European 
civilization, plunging the world into a thousand years of darkness, 
was from that hour doomed. 

A new era dawned for humanity. 

It is true that several centuries were to elapse before the ghost 
of the old Oriental ogre could be laid. But that is only to say that 
evolution, not revolution, is the law of progress. 

In speaking thus we are of course viewing Copernicus through 
the eyes of posterity. Let us go back now in imagination and 
endeavor to envisage him in the midst of his contemporaries, there 
at the beginning of the sixteenth century. 

The He was bom, we know, on February 19th, 1473, the city 

of Thorn on the Vistula. 

c«8 Curiously enough we know little about his ancestry; only that 

his father emigrated from Cracow to Thorn previous to 1458, and 
was a merchant of some social standing. 

The city of Thorn lies in a province of that border territory 
which was then under the control of Poland, but which subse- 
quently became a part of Prussia. 

It is claimed that the aspects of the city were essentially Ger- 
man, and it is admitted that the mother of Copernicus belonged 
to that race. The nationality of the father is more in doubt, but 
it is urged that Copernicus used German as his mother-tongue. 

His great work was, of course, written in Latin, according to 



SLOW DAWN OF IHE NEW ERA II3 

the custom of the time; but it is said that, when not employing 
that language, he always wrote in German. 

The disputed nationality of Copernicus strongly suggests that 
he came of a mixed racial lineage. 

The acknowledged centres of civilization towards the close of 
the fifteenth century were Italy and Spain. Therefore the birth- 
place of Copernicus lay almost at the confines of civilization, 
reminding us of that earlier period when Greece was the centre 
of culture, but when the great Greek thinkers were born in Asia 
Minor and in Italy. 

As a young man, Copernicus made his way to Vienna to study 
medicine, and subsequently he journeyed into Italy and remained 
there many years. About the year 1500 he held the chair of 
mathematics in a college at Rome. 

Subsequently he returned to his native land and passed his 
remaining years there, dying at his home in Frauenburg, East 
Prussia, in the year 1543. He is often referred to as the Canon 
of Frauenburg. It is said also that he practiced medicine. But 
few details of his actual activities have been preserved. Few that 
knew him suspected that his doings held any interest for 
posterity. 

It would appear that Copernicus conceived the idea of the Long 
heliocentric system of the universe while he was a comparatively 
young man. In the introduction to his great work which he ad- Ponderinj 
dressed to Pope Paul III. he states that he has pondered his sys- 
tem not merely nine years, in accordance with the maxim of 
Horace, but well into the fourth period of nine yeais. 

Throughout a considerable portion of this period the great 
work of Copernicus was in manuscript. But it was not published 
until the year of his death. 
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The reasons for the delay are not very fully established. Coper- 
nicus undoubtedly taught his system throughout the later decades 
of his life. He himself tells us that he had even questioned 
whether it were not better for him to confine himself to such 
verbal teaching, following thus the example of the P3dhagoreans. 

Just as his life was drawing to a close, he decided to pursue the 
opposite course, and the first copy of his work is said to have 
been placed in his hands as he lay on his deathbed. 

The violent opposition which the new S5^tem met from ecclesi- 
astical sources led subsequent commentators to suppose that Co- 
pernicus had delayed publication of his work through fear of the 
church authorities. There seems, however, to be no direct evi- 
dence for this opinion. 

It has been thought significant that Copernicus addressed his 
work to the pope. 

It is, of course, quite conceivable that the aged astronomer 
might wish by this means to demonstrate that he wrote in no 
spirit of hostility to the Church. His address to the pope might 
have been considered as a desirable shield precisely because the 
author recognized that his work would excite ecclesiastical 
criticism. 

Be that as it may, Copernicus was removed by death from the 
danger of attack, and it remained for his disciples of a later 
generation to run the gauntlet of criticism and sufier the charges 
of heresy. 

The work of Copernicus, published thus in the year 1543 at 
Nuremberg, bears the title De Orbitm Caekstium Revolutionibus. 

The broader outlines of the cosmological system which Coper- 
nicus put forward are now familiar to everyone. 

In a word, he supposed the sun to be the centre of all the 
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planetary motions, the earth taking its place among the other 
planets, the Ust of which, as known at that time, comprised 
Mercury, Venus, the Earth, Mars, Jupiter, and Saturn. 

The fixed stars were alleged to be stationary, and it was nec- 
essary to suppose that they are almost infinitely distant, inasmuch 
as they showed to the observers of that time no parallax; that is 
to say, they preserved the same apparent position when viewed 
from the opposite points of the earth’s orbit. 

But let Copernicus speak for himself regarding his system. 
His exposition is full of interest. First, an excerpt from the intro- 
duction just referred to, in which appeal is made directly to 
the pope: 

“I can well believe, most holy father, that certain people, when 
they hear of my attributing motion to the earth in these books 
of mine, will at once declare that such an opinion ought to be 
rejected. 

“Now my own theories do not please me so much as not to 
consider what others may judge of them. Accordingly, when I 
began to reflect upon what those persons who accept the stability 
of the earth, as confirmed by the opinion of many centuries, 
would say when I claimed that the earth moves, I hesitated for 
a long time as to whether I should publish that which I have 
written to demonstrate its motion, or whether it would not be 
better to follow the example of the Pythagoreans, who used to 
hand down the secrets of philosophy to their relatives and friends 
only in oral form. 

“As I well considered all this, I was almost impelled to put 
the finished work wholly aside, through the scorn I had reason 
to anticipate on account of the newness and apparent contrariness 
to reason of my theory. 
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“My friends, however, dissuaded me from such a course and 
admonished me that I ought to publish my book, which had lain 
concealed in my possession not only nine years, but already into 
four times the ninth year. Not a few other distinguished and 
very learned men asked me to do the same thing, and told me 
that I ought not, on account of my anxiety, to delay any 
longer in consecrating my work to the general service of 
mathematicians. . . . 

“In order, however, that both the learned and the unlearned 
may see that I fear no man’s judgment, I wanted to dedicate 
these, my night labors, to your holiness, rather than to any one 
else, because you, even in this remote corner of the earth where 
I live, are held to be the greatest in dignity of station and in 
love for all sciences and for mathematics, so that you, through 
your position and judgment, can easily suppress the bites of slan- 
derers, although the proverb says that there is no remedy against 
the bite of calumny.” 

In chapter X. of book I., “On the Order of the Spheres,” 
occurs a detailed presentation of the system, here quoted in part: 

“That which Martianus Capella, and a few other Latins, very 
weU knew, appears to me extremely noteworthy. He believed that 
Venus and Mercury revolve about the sun as their centre and 
they cannot go farther away from it than the circles of their 
orbits permit, since they do not revolve about the earth like the 
other planets. 

“According to this theory, then. Mercury’s orbit should be 
included within that of Venus, which is more than twice as great, 
and would find room enough within it for its revolution. 

“If, acting upon this supposition, we connect Saturn, Jupiter, 
and Mars with the same centre, keeping in mind the greater 
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extent of their orbits, which include the earth’s sphere besides 
those of Mercury and Venus, we cannot fail to see the explana- 
tion of the regular order of their motions. 

“He is certain that Saturn, Jupiter, and Mars are always near- 
est the earth when they rise in the evening — ^that is, when they 
appear over against the sun, or the earth stands between them 
and the sun — but that they are farthest from the earth when 
they set in the evening — ^that is, when we have the sun between 
them and the earth. 



Fig. 21. — Correct Copernican Conception of Mercury and Venus. 


“This proves sufficiently that their centre belongs to the sun 
and is the same about which the orbits of Venus and Mercury 
circle. Since, however, all have one centre, it is necessary for 
the space intervening between the orbits of Venus and Mars to 
include the earth with her accompanying moon and all that is 
beneath the moon; for the moon, which stands unquestionably 
nearest the earth, can in no way be separated from her, especially 
as there is sufficient room for the moon in the aforesaid space. 

“Hence we do not hesitate to claim that the whole system, 
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which includes the moon with the earth for its centre, makes 
the round of that great circle between the planets, in yearly mo- 
tion about the sun, and revolves about the centre of the universe, 
in which the sun rests motionless, and that all which looks like 
motion in the sun is explained by the motion of the earth. 

“The extent of the universe, however, is so great that, whereas 
the distance of the earth from the sun is considerable in com- 
parison with the size of the other planetary orbits, it disappears 
when compared with the sphere of the fixed stars. I hold this to 
be more easily comprehensible than when the mind is confused by 
an almost endless number of circles, which is necessarily the 
case with those who keep the earth in the middle of the universe. 



Fig. 2 2. — The Copernican’ Conception Explains the Seasons. 


“Although this may appear incomprehensible and contrary to 
the opinion of many, I shall, if God wills, make it clearer than 
the sun, at least to those who are not ignorant of mathematics. 

“The order of the spheres is as follows: The first and lightest 
of all the spheres is that of the fixed stars, which includes itself 
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and all others, and hence is motionless as the place in the universe 
to which the motion and position of all other stars is referred. 

“Then follows the outermost planet, Saturn, which completes 
its revolution around the sun in thirty years; next comes Jupiter 
with a twelve years’ revolution; then Mars, which completes its 
course in two years. 

“The fourth one in order is the yearly revolution which in- 
cludes the earth with the moon’s orbit as an epicycle. In the fifth 
place is Venus with a revolution of nine months. The sixth place 
is taken by Mercury, which completes its course in eighty da}^. 

“In the middle of all stands the sun, and who could wish to 
place the lamp of this most beautiful temple in another or bet- 
ter place. 

“Thus, in fact, the sun, seated upon the royal throne, controls 
the family of the stars which circle around him. We find in their 
order a harmonious connection which cannot be found elsewhere. 

“Here the attentive observer can see why the waxing and 
waning of Jupiter seems greater than with Saturn and smaller 
than with Mars, and again greater with Venus than with Mer- 
cury. Abo, why Saturn, Jupiter, and Mars are nearer to the 
earth when they rise in the evening than when they dbappear in 
the rays of the sun. More prominently, however, is it seen in the 
case of Mars, which when it appears in the heavens at night, 
seems to equal Jupiter in size, but soon afterwards is found 
among the stars of second magnitude. 

“All of this results from the same cause — ^namely, from the 
earth’s motion. The fact that nothing of this is to be seen in the 
case of the fixed stars is a proof of their immeasurable distance, 
which makes even the orbit of yearly motion or its coimterpart 
invisible to us.” 
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Copernicus was on his deathbed when the first copy of his 
book to come from the press was placed in his hands. 

If still in possession of his faculties, he must have viewed the 
work with mingled emotions. For a preface had been introduced 
for which the author was in no way responsible, and the import 
of which cannot have been at all to his liking. 

This new introductory matter — replacing an admirable fore- 
word by Copernicus himself — ^had been interpolated, apparently, 
as a safeguard against the ecclesiastical authorities. It virtually 
begged the question as to the authenticity of the new scheme of 
the universe, speaking of the heliocentric doctrine as an hypothe- 
sis, and urging the permissibility of indulging in any speculation, 
even of dubious character, so long as it was understood to be 
speculation only. 

The author of this Janus-facing introduction, which perma- 
nently marred the famous work, and for a long time was regarded 
by many critics as stultifying the character of Copernicus, per- 
haps acted with friendly intent. Of course it could not be known 
to the writer, who was connected with the press which issued the 
book, that Copernicus was about to pass from the scene, and 
therefore would be beyond the reach of any retribution which 
the Church might feel called on to exact. 

More than likely, however, he was thinking of his own safety, 
and that of his associates of the printing office. 

It was no light matter to be known as the publishers of a book 
which challenged in so dumbfounding a manner the most funda- 
mental conceptions of the structure of the universe. 

It is quite true that there is no rational association between 
Oriental theories of cosmology and the ethical questions that are 
supposedly the chief concern of religion. But, thanks to the atti- 
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tude of mind of the Church towards the ancient Hebrew litera- 
ture, questions of cosmology had come to be regarded as funda- 
mental parts of the theological structure. 

The chance phrasing of an Oriental poet, which placed a moiety 
of the “divided waters” above the firmament, constituted for the 
entire mediaeval period a hurdle that the ecclesiastical mind 
could not get over. 

For several hundred years this was an insuperable obstacle to 
the acceptance of the rotundity of the earth and the spheres of 
Ptolemy. 

And now, just as a way was being found, or attempted, to 
harmonize the ancient poesy with such disturbing facts as the 
voyages of Columbus and Magellan and their fellows, there came 
this new iconoclast to make the horrifying suggestion that this 
round world is not only whirling on its axis at breakneck speed, 
but is actucilly swinging in a vast orbit about the sun. 

The sun which, according to sacred tradition, had been manu- 
factured in the sky as an appendage to the earth, as a candle and 
fire for man’s benefit. 

The sun which had stood still for hours on behalf of the hosts 
of Joshua, and had turned back in its course by ten degrees as 
a signal to Hezekiah. 

Could the sun of Joshua and Hezekiah be a vast central body 
in the imiverse, about which the earth, man’s habitat, flutters, like 
a moth about a candle? 

That question was soon to be answered with authority; and it 
was probably fortunate for Copernicus that he was not alive to 
participate in the official demonstration of the falsity of his 
heretical doctrine. 

Looking back, we date a new era from the year 1543, when 
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the book of Copernicus was published. But the contemporaries 
of Copernicus were few indeed who had the remotest suspicion 
of any change of the old order. 

The old heavens and the old earth were not to be demolished 
with the flourish of a pen, nor within the lifetime of any single 
generation. 


vm 

BRUNO THE PROTAGONIST 

F ive years after the death of Copernicus, there was born at 
Nola in Italy a child destined to become the earliest and 
most ardent of the protagonists of the new doctrine that the sxm 
is the centre of the planetary system, 

Giordano Bruno, the child in question, was born into a most 
remarkable epoch in human history. 

We may place him at once in his contemporary environment 
if we recall that he was junior by fifteen years to Elizabeth of 
England; senior by four years to Sir Walter Raleigh; by thirteen 
years to Francis Bacon, by sixteen years to William Shakespeare. 
At the time of his birth his great compatriot Michelangelo had 
attained the age of seventy-three, but was destined to live for 
yet another sixteen years, 

Luther had died two years before; and Bruno was a lad of 
five when Cdvm, then in his prime, sent that other iconoclast 
Michael Servetus, there in Geneva, to the orthodox bloodless 
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death which almost half a century later was to claim the protag- 
onist of the new heavens and the new earth. 

One need not be a believer in predestination to realize that 
Giordano Bruno was born to meet the fate that befell him. He 
was by nature a non-conformist — a bom iconoclast. 

It was not at all a question as to what his end must be, but 
only as to when it would come. 

Why the young iconoclast entered the Dominican order at 
Naples at the age of fifteen, no one can say. But it seems even 
stranger that thirteen years were to elapse before he hurriedly 
left Italy to avoid the consequences of his avowed disbelief in 
the doctrines of transubstantiation and of the immaculate 
conception. 

That he was already an ardent champion of the new cosmology 
of Copernicus, goes without saying. 

Safe for the moment beyond the confines of Italy, Bruno made 
his way to Geneva. He had forgotten, or perhaps had never heard, 
about Servetus, and he knew Switzerland by hearsay as the centre 
of one branch of the protesting priesthood, that had declared 
their emancipation from the autocracy of Rome. 

There, surely, he would be free to speak his mind. 

But sad disillusionment awaited him. 

Calvinism, he found, was only the name for another type of 
autocracy. There was no greater receptiveness in Geneva than 
in Rome to the idea that the words of the Hebrew chronicler were 
fabulous. When Bruno talked about new scientific truths in op- 
position to tradition, he was reminded of that other champion 
of the new order who had come to Geneva hopefully twenty-six 
years before— and who had not departed in the flesh. 


Bruno at 
Geneva 
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One can imagine Bruno making his way to the public square 
where Servetus had suffered, and brooding there in silence — the 
gruesome scene reenacted before the eyes of his imagination. 

He had heard now, perhaps, that one of the unpardonable 
offences of Servetus had been that in his edition of Ptolemy’s 
Geography, Judea had been thoughtlessly referred to as a land 
not “flowing in milk and honey,” but in the main meagre, barren, 
and inhospitable. Such language, Calvin had declared “necessar- 
ily inculpated Moses, and grievously outraged the Holy Spirit.” 

Mild heresy that, compared to the suggestion that the earth is 
not the centre of the universe. 

Yet Servetus had gone to the stake. 

Calvin himself had wished to save Servetus from the faggots, 
he had been told — feeling that the headman’s axe would exact 
an adequate penalty. 

But the Protestant authorities, it appeared, had taken the 
same view of such matters that was traditional with the leaders 
of the church they had abandoned. 

Blood must not be shed: the stake was the better alternative. 

We may suppose that Bruno foimd little comfort in the con- 
templation of that alternative. He stood not on the order of his 
going, but departed from Geneva, and made his way to Paris. In 
that centre of learning he must surely find a receptive audience. 

And he did find listeners, although officially denied the privi- 
lege of lecturing unless he would recant his heresies. 

For a time he managed to evade those who would silence him; 
then he left Paris in turn and crossed the channel to England. 

In the London of Elizabeth and Shakespeare and Bacon, he 
found that he needed the protection of the French ambassador. 
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Then at Oxford, at the famous university, he thought to find 
confreres of kindred spirit. 

Forty years had now elapsed since the revolutionary work of 
Copernicus was published. Surely at Oxford one must fimd cham- 
pions of the heliocentric doctrine. 

And what Bruno did find at Oxford was that the old cosmology 
of Aristotle, which was five hundred years out of date in the time 
of Ptolemy, was the authorized astronomical teaching. 

Indeed, it was not merely that the old doctrines were still in 
vogue; there was a rule in force according to which any teacher 
who departed from whatsoever tenet of Aristotle, was fined five 
shillings — a not inconsiderable sum at that period — for each and 
every such departure. 

Here, indeed, was the very stronghold of conservatism and 
bigotry. 

The only scientific doctrines permitted to be taught were the 
doctrines of a man who had been dead for upward of eighteen 
hundred years I A more recent authority, to be sure, than Moses 
and Isaiah, one who had taught that the world is round, quite 
as Magellan had proved it to be. But one who had also taught 
just as explicitly that the earth is the centre of the universe; one 
who had refused to accept the doctrine of a rotating earth, let 
alone an earth that swings in a vast orbit through space. 

What would Aristotle have said to this mad man Copernicus? 

The question answers itself. So grotesque and impious a doc- 
trine may not be even referred to in the temple of learning where 
the voice of the Stagirite pronounces the final word. 

And so Bruno the protagonist again took up his journey, and 
next we learn of him at the University of Wittemberg, and then 
in other cities of Germany and France and Switzerland— ever 


Bruno at 
Oxford 
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Finis in 
Italy 


seeking an audience, ever being repulsed; nowhere finding any 
considerable number of listeners who were not hostile to the 
revolutionary doctrine of Copernicus, and to the other heresies 
to which this born iconoclast must needs give utterance. 

Yet though never received hospitably, he is everywhere per- 
mitted to depart in peace. The Protestant countries will have 
none of Copernicus, but they have a measure of tolerance toward 
his absurd teachings, if for no other reason than because they are 
regarded as heresy in Italy. 

So Bruno leads a stormy petrel life, which is not actively jeop- 
ardized until he reaches his forty-fourth year. 

Then he makes the vital mistake of returning to Italy. A 
patron there has assured him welcome. 

A well-meaning patron, no doubt. One of the scattered band of 
enthusiasts who were receptive to the new ideas. But, by the 
same token, a man of small influence with the ecclesiastical 
powers that dominated Italy. 

And so the iconoclast had not been long in the native land 
from which he had fled sixteen years before, before he found 
himself in the grip of the officers of the Inquisition — ^who lodged 
him forthwith in a Roman dungeon. 

Almost eight years this restless spirit languished there, shut 
off from the audience of man, deprived of speech, incapable of 
fulfilling that innate behest which impelled him, despite every 
menace, to proclaim to the world the truth as he saw it. 

Then came the inevitable tragic sequel — excommunication, the 
fateful last march to the Campo del Fiori — ^the field of flowers — 
not far from the Vatican; and final expiation, at the'^stake, with- 
out shedding of blood. 



SLOW DAWN OF THE NEW ERA I27 

Thus Copernicus was proved wrong, and the wisdom of the 
Orientals was vindicated. 

The year was sixteen hundred, Anno Domini. 

Fifty-seven years had elapsed since Copernicus published his 
book, and opportunely died. Two human generations. Time 
enough, one might suppose, to find a hearing for a scientific 
doctrine which not only has the supreme merit of being true, but, 
in the view of later generations, would seem to have the further 
merit of obvious plausibility. 

But two generations after all count for little against the ac- 
cumulated prejudice of thousands of generations of men, that 
had known no doctrine but that of the geocentric universe. 

More than fifty generations had come and gone since Aris- 
tarchus of Samos first put forward the true heliocentric doctrine 
of the heavens; and the beginning of the seventeenth century of 
the Christian era — ^the age of Elizabeth and Bacon and Shake- 
speare — found the antique doctrine of the immobile central earth 
and the whirligig heavens as firmly ensconced in the minds of 
men as it had been in the day of Alexander the Great and Demos- 
thenes and Aristotle. 

There was augury of a new era in the inspiration of Coperni- 
cus; but the visible dawn of the new era was scheduled for a 
later century. 

Meantime, as one reflects on the character of the arguments 
that stilled the voice of Brxmo the protagonist, one recalls certain 
words of his Holiness Leo XIII, who, in a letter to Cardinal 
Parocchi in 1885, made in classical Latin this earnest 
pronouncement: 

“The Catholic Church, which always has fostered whatsoever 
things are honest, whatsoever things are lovely, whatsoever things 
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are of good report, has always given to the study of the humani- 
ties the favor that it deserves, and in promoting it, has expended 
no slight portion of its best endeavor.” 

We may not doubt that the words are sincere. 

At first blush they may seem incongruous, when one recalls 
the fate of a Bruno. 

Yet after all perhaps they have small application to that mis- 
adventure. In the year 1600 the doctrine of the new cosmology 
doubtless did not seem honest, assuredly did not seem lovely, 
and by no manner of means was it a thing of good report. 

These things it could become only with the lapse of time, and 
through the efforts of a succession of workers, whose investiga- 
tions will successively claim our attention. 


IX 

TYCHO BRAHE THE GREAT OBSERVER 

T he tenth chapter of the Book of Joshua contains one of 
the most stirring battle poems in all literature. 

It tells how the five kings of the Amorites conspired against 
Israel, and encamped before Gibeon and made war against it. 
But the men of Gibeon sent in to Joshua, who came in haste 
from his camp at Giljol, and all the people of war with him, and 
all the mighty men of valour. 

And the Lord said unto Joshua, fear them not; for I have 
delivered them into thine hands; there shall not a man of them 
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stand before thee. And the Lord discomfited the hosts of the 
kings, and slew them with great slaughter at Gibeon, casting 
down great stones from heaven upon them, and thus destroying 
even more than the children of Israel slew with the sword. 

But there was danger that some might escape under cover of 
approaching darkness; wherefore Joshua made appeal to the Lord. 

“Then spake Joshua to the Lord in the day when the Lord nie Sua 
delivered up the Amorites before the children of Israel, and he 
said in the sight of Israel, Sun, stand thou still upon Gibeon; 
and thou, Moon, in the vaUey of Ajalon. 

“And the sun stood still, and the moon stayed, until the people 
had avenged themselves upon their enemies. Is not this written 
in the book of Jasher? So the sun stood still in the midst of 
heaven, and hasted not to go down about a whole day. 

“And there was no day like that before it or after it, that the 
Lord hearkened unto the voice of a man, for the Lord fought for 
Israel.” 

Little indeed could the court poet have forecast, when he in- 
scribed those stirring words, how strange would be their influence 
over the minds of men of races yet unborn, far off to the west, 
two thousand years after Joshua, who alone of all men had been 
permitted to control the sun, went to his reward. 

It was pardonable exaggeration that gave this unique distinc- 
tion to Joshua. 

For in reality there was another occasion when a yet more 
remarkable interference with the orderly progress of the celestial 
mechanism took place and found record. 

You may read of it in Chapter 38 of the Prophet Isaiah. It 
concerns Hezekiah, King of Judah, who was at war with Sen- 
nacherib, King of Assyria. 
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The Lord had already shown his favor by sending his angel to 
smite the camp of the Assyrians a hundred and four score and 
five thousand, so that when they arose early in the morning, 
behold they were all dead corpses. He was now to give yet more 
extraordinary evidence of his favor. Let the Prophet Isaiah him- 
self tell the story: 

“In those days was Hezekiah sick unto death. And Isaiah the 
prophet the son of Amoz came unto him, and said unto him, 
Thus saith the Lord, Set thine house in order: for thou shalt 
die, and not live. 

“Then Hezekiah turned his face toward the wall, and prayed 
unto the Lord, 

“And said, Remember now, 0 Lord, I beseech thee, how I have 
walked before thee in truth and with a perfect heart, and have 
done that which is good in thy sight. And Hezekiah wept sore. 

“Then came the word of the Lord to Isaiah, saying, 

“Go, and say to Hezekiah, Thus saith the Lord, the God of 
David thy father, I have heard thy prayer, I have seen thy tears: 
behold, I will add unto thy days fifteen years. And I will deliver 
thee and this city out of the hand of the king of Assyria: and I 
will defend this city. And this shall be a sign unto thee from the 
Lord, that the Lord will do this thing that he hath spoken: 
“Behold, I will bring again the shadow of the degrees, which is 
gone down in the sun dial of Ahaz, ten degrees backward. So the 
sun returned ten degrees, by which degrees it was gone down.” 

Here, indeed, was poetic imagery of a high order. How could 
the poet be expected to know that in after times his words would 
be taken literally, and that on his testimony alone it would be 
believed by millions of people of remote ages that the sun had 
actually turned back ten degrees in its course? 
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Yet such is the power of words that this strange thing came 
to pass. 

And well towards the close of the sixteenth century of a new 
era, the keenest-eyed searcher of the skies that perhaps ever lived 
would be found quoting the antique poems in proof that the sun 
does move round the earth as the ancient poets supposed it to 
move — and therefore cannot be a stationary body at the centre 
of the planetary system, as the modern iconoclast Copernicus 
had conceived it to be. 

This keen-eyed searcher was named Tycho Brahe. 

Accounted the greatest of observing astronomers, he denied 
the truth of the Copernican doctrine to the end of his life, and 
denied it explicitly on the ground of the authority of the Oriental 
poets whose words have just been quoted. 

Which goes to show that the pen is mightier than the astrolabe. 

I had almost said “telescope,” but recalled just in time that this 
instrument was not invented till a few years after the death of 
the great Danish astronomer. 

We shall see presently how the telescope, in the hands of a 
man who was bom while Tycho Brahe was in his prime, was to 
reveal evidence which went far to shake the faith of at least the 
leaders of thought in the verisimilitude of the ancient poems. But 
our present concern is with the great observer who was obliged 
to depend on the unaided eye in his star-gazing, yet who made 
records that almost vie with those made in later days by users 
of the magnifying lenses. 

Tycho Brahe, the Dane, was born at Knudstrup, in the year 
1546 — ^three years after the appearance of the revolutionary book 
of Copernicus. 


As One 
Having 
Authority 
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He died at Prague, in Bohemia, in 1601 — the year following 
the untimely death of Giordano Bruno. 

Tycho’s great work was done in a splendid observatory, which 
he built on the Island of Huene, under patronage of Frederick, 
king of Denmark. 



Fig. 23. — One of Tycho’s Quadrants. (Redrawn from Ddnneman’s 
Geschichte der Naturwissenschajten.) 

Nothing comparable to this observatory had previously existed. 
Its equipment of astrolabes, armillary spheres, and allied ap- 
paratus, and his star-charts and celestial records were quite with- 
out example in his own age, and surpassed in subsequent ones 
solely because of the new instrument equipment developed after 
the invention of the telescope. 

Throughout the latter part of the i6th century, Tycho was 
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the outstanding astronomical figure of the world. He spoke with 
the voice of full authority. 

Against his verdicts, the words of such theorists as Bruno, 
and of the few minor astronomers who were inclined to accept 
the Copernican doctrine, were futile. 

If the most accomplished observer of his age — ^generally re- 
puted the greatest observer of any age — rejected the conception 
that the sun is the centre of the planetary system, it would be 
obvious presumption for any ordinary mortal to accept that 
doctrine. 

Tycho’s verdict as to the central thesis of Copernicus was 
unequivocal and emphatic. 

All traditions placed the earth at the centre of the planetary 
system— -at the centre of the universe. Even to challenge that 
view would be an impiety— a heresy. The earth, created as man’s 
abiding place, is the great central and all-important body of 
the universe. That is the be ginning and the end of the matter. 

The earth is a sphere, fixed immovably at the centre of things. 

It neither rotates nor revolves. As to this, the arguments of 
Aristotle and Ptolemy, and of all other ancients of authority with 
a few negligible exceptions, are final and conclusive. 

If the earth rotated, the wind would blow always as a terrific 
hurricane from the east; clouds would be driven incessantly 
westward, and an arrow shot straight up into the air would de- 
scend far to the west. 

These are obvious truths, which hardly need repeating. Once 
for all, the world is at rest at the centre of the universe. 

Such was the verdict of Tycho, from which he never wavered, a Bizarre 

But when it came to consideration of the scheme of the re- 

znise 

mainder of the heavenly system, the great observer was led 



134 GREAT ASTRONOMERS 

presently to depart widely from the traditions of his ancient 
predecessors. For the more he studied the matter, the more clear 
it became to him that all the planets except the moon have the 
centres of their spheres of revolution in the sun, and not in 
the earth. 



Fro, 24. — Tycho’s S5^tem of the Universe. (Adapted from Dreyer’s 
History of the Planetary Systems.) See Text for Explanation. 

That the sun revolves about the earth, there can be no ques- 
tion. But it carries with it the five planets. Mercury, Venus, 
Mars, Jupiter, and Saturn, each revolving about the sun itself, 
while also being carried with the sun in the great circuit of the 
heavens about the terrestrial centre. 

Here, then, was a curious compromise. 

The strange plan became famous as the Tychonic system. 

It was obviously a step in the direction of the heliocentric 
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system of Copernicus. Indeed, as regards the five planetary 
bodies, it was entirely in accord with the Copemican system. It 
was the sort of idea that might naturally have been conceived as 
an intermediate step between the old Ptolemaic system and the 
system of Copernicus. 

Modern commentators, looking back, find it strange that it 
did not precede the Copemican system in time. 

Had Tycho Brahe lived before Copernicus he would be re- 
garded as having made an important contribution to cosmology, 
taking a long step forward, and arriving within striking distance 
of the true conception of the heliocentric planetary S3rstem. 

As the case stands, Tycho’s new s}rstem has only historical 
interest. His conception was reactionary, not progressive. It 
illustrates the power of tradition to mar the judgment of even 
the keenest mind. 

But if Tycho thus fails as cosmologist, his achievements as Never- 
an observing astronomer have excited the admiration of all sub- ’ 
sequent generations. Observer 

One series of his observations, indeed, had an important bear- 
ing on the current conception of the planetary structure, in the 
direction of improved theory. This was his observation of a 
comet, which he examined with great care to determine if the 
visitor had parallax. 

That is to say, he wished to determine whether the angle of 
vision of the comet varied when viewed in different parts of its 
orbit. 

He found that the comet had no parallax. 

This proved that the comet was very distant. Subsequently, 
however, the strange celestial visitor came much nearer to the 
sun. There could be no question that at one time it was more 
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distant than the planet Jupiter, at another time nearer than the 

planet Mars. 

In other words, it had tmquestionably passed through different 
spheres of the heavenly mechanism. 

Now these spheres had come to be conceived as actual crystal- 
line structures. This idea was not directly advocated, nor per- 
haps even implicitly, by Ptolemy, whose name was universally 
associated with the system of epicycles. But the Arabs had given 
tangibility to the idea. For them, the heavenly spheres were 
literal spheres of some transparent substance — solid spheres, in 
which the various planetary bodies were imbedded, as jewels 
might be imbedded in spheres of glass. 

Tycho’s observation of the comet demonstrated that this con- 
ception of the crystalline spheres could not be valid. Since the 
comet passed through the spheres, they are permeable. 

In a word, imaginary spheres, not tangible actualities. 

This constituted an advance upon the popular conceptions of 
recent generations. Yet, to conceive the planetary spheres as 
imaginary, was only to revert to the views of Hipparchus and 
Ptolemy and the other Greeks, who had first invented the heavenly 
mechanism. But no doubt Tycho’s teaching had a share in pre- 
paring the world for the ultimate explanation, given a century 
later by Newton, of the control of the heavenly bodies by an 
intangible force of gravitation, rather than by any solid 
mechanism. 

Advance Tycho’s elaborate studies of the moon enabled him to detect 
in Ludei 

Xheoiy hitherto unknown inequalities of motion, constituting the first 
genuine advance in lunar theory since the time of Ptolemy. 

Doubtful exception may be made of some observations of the 
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Arabian astronomers, for whom prior discovery of the so-called 
third inequality has been claimed. 

New inequalities of motion of the various planets, in particular 
Mars, were also observed, calling for the introduction of new 
epicycles. Fortunately, however, the mechanism of the planetary 
orbits was conspicuously simplified by the admission of the sxm 
as the centre of these orbits. 

One of the great difficulties of the Ptolemaic system had re- 
sulted from the attempt to make all the planes of the planetary 
orbit pass through the centre of the earth, whereas in reality they 
pass through the centre of the sun. 

Now that the truth was recognized, the mechanism of deferents 
and epicycles could be simplified. 

Indeed, as regards the five planets, Tycho Brahe accepted the 
reasoning of Copernicus, and modified the scheme of epicycles 
accordingly. 

When we reflect that there were contemporary astronomers 
who, rejecting the Tychonic system no less than the Copernican, 
had reverted to the pre-Ptolemaic system of Eudoxus and Aris- 
totle, and were obliged to devise no fewer than seventy-seven 
spheres to accoimt for the observed movements of the heavenly 
bodies, it wiU be obvious that the time was ripe for reform. 
Human credulity has its limits — ^though they are hard to find. 

Tycho discovered independently a method, said to have been 
used by the Arabians, of determining the latitude of a place 
by two observations of a circumpolar star. 

It is necessary only to determine the angle of elevation of the 
star on the meridian, and then its elevation twelve hours later 
when it again circles across the meridian. Half the sum of these 
angles gives the latitude of the place of observation. 
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At a later time the pole star itself would be used for this ob- 
servation, with the aid of a small telescope to magnify the dis- 
tance, only about one and a half degrees, of the star from the 
critical position. 

AMiracu- The very brilliant new star which suddenly shone forth in 
the constellation of Cassiopea in the year 1572, was made the 
subject of special studies by Tycho, who proved that the star 
had no sensible parallax and consequently was far beyond the 
planetary regions. 

Tycho records his astonishment on discovering a bright star 
at a place in the heavens where previously no star had been 
visible. 

He was at first disposed to doubt the trustworthiness of his 
own eyes. 

Only when he found that others also could see the star was he 
convinced. 

Then he realized that he was witnessing a miracle — 

“Even the greatest of all miracles that have occurred in the 
whole range of nature since the beginning of the world, or one 
certainly that is to be classed with those attested by Holy Oracles, 
the staying of the sun in its course in answer to the prayers of 
Joshua, and the darkening of the sun’s face at the time of the 
Crucifixion.” 

He goes on to say that all phOosophers agree, and the facts 
clearly prove, that in the ethereal region of the celestial world 
no change, in the way of generation or of corruption, takes place; 
but that the heavens and the celestial bodies in the heavens are 
without increase or diminution, and that they undergo no altera- 
tion, either in number or in size or in light or in any other 
respect. 
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Except only that Hipparchus is reported by Pliny to have 
noticed a star different from all others previously seen, one born 
in his own age. 

Tycho then tdls how he endeavored to tell whether the new 
star had parallax; the method being to observe the distance of 
the new star from a familiar star when on the meridian, and again 
when near the horizon. 

He found the distance always the same — ^which is equivalent 
to saying that the star had no parallax. 

It is, therefore, in an orbit so far above the lunar sphere that 
the semi-diameter of the earth has no sensible size in respect 
to it, the whole earth, when compared to it, being no more than 
a point. This has been found by the foimders of science to be 
in the eighth sphere or not far from it, in the higher orbits of 
the three superior planets. 

“Whence this star will be placed in the heavens themselves, 
either in the eighth orbit with the other fixed stars, or in the 
spheres which are immediately beneath'. 

“Therefore it is concluded that this star is not some kind 
of comet or fiery meteor, whether these be generated beneath 
the moon or above the moon, but that it is a star shining in the 
firmament itself — one that has never previously been seen before 
our time, since the beginning of the world.” 

Tycho’s reasoning here is quite unassailable. 

It is said that in later years he explained the phenomenon as 
due to the outbreak of a great celestial fire. In any event, it is 
hardly to be doubted that he regarded this “miracle” as a portent 
having significance for human observers. For the great Danish 
observer was still under the influence of the ancient tradition. 
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according to which the destinies of men are written in the stars. 

He was, in other words, a firm believer in astrology. 

To say this is no disparagement, for in that age astrology 
ranked, in the minds of even the leaders of thought, as a veritable 
science. 

The court astrologer took precedence of the accoucheur in 
royal confinement chambers, and the destinies of nations were 
sometimes in their hands, through their influence over kings and 
queens. Long after the age of Copernicus, astrology flourished. 

But Tycho Brahe was perhaps the last astronomer of great 
prominence who was a conscientious practitioner of the art of 
divination. 

In extenuation, let it be recalled that in England in this age 
of Elizabeth, and in the later reigns of William and Mary, judicial 
astrology was at its height. 

After the great London fire, in 1666, a committee of the House 
of Commons publicly summoned the famous astrologer, Lilly, 
before Parliament, to report to them on his alleged prediction of 
the calamity that had befallen the city. 

The astrologer, it may be added, denied that he had made 
such a prediction. He had been, he explained, “more interested 
in determining affairs of much more importance to the future 
welfare of the country.” 

This was, let it be recalled, a century and a quarter after the 
death of Copernicus, and at the beginning of the age of Newton. 

We need not wonder, then, that Tycho Brahe, whose vision 
was crystal clear and his brain keen while his eyes were turned 
towards the stars, should have been unable to shake himself free 
from the incubus of this aspect of the ancient superstition— 
which after all was quite as logical a part of the Oriental in- 




Plate V: Tycho Brahu (1546-1601) 

(Crayon adaptation, from half-tone in Hutchinson’s Splendour of the 
Heavens, Origin not traced) 
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heritance as the central thesis of a geocentric universe and a 
galaxy of anthropomorphic inhabitants of the celestial regions. 

If it be true that Tycho Brahe, who died in i6oi, was the 
last great astronomer who was also a sincere astrologer, it is also 
true that more than three hundred years after the death of the 
great observer there were probably more individuals in Chris- 
tendom who believed in astrology than there were in his age. 

And the anthropomorphic hosts of the celestial spheres are no 
less firmly ensconced in the min ds of the multitudes than they 
were in the day when the most famous astronomer of his age 
could still believe that the earth is the centre of the universe. 


X 

KEPLER THE LAWGIVER 

E nter now a poet, a mystic, a metaphysical reasoner, who, 
in spite of these seemingly anomalous traits, is to take his 
place among the greatest practical discoverers of the astronomical 
world. By name, Johann Kepler. Birthplace, the little town of 
Weil, in Wurtemburg, Germany. One of the truly magnificent 
figures not merely of the scientific world, but of the human race. 

Yet as a child this future “lawgiver” was weak and sickly, 
further enfeebled by a severe attack of smallpox. 

It would seem paradoxical to assert that the parents of such 
a genius were mismated, but their home was not a happy one. 
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the mother being of a nervous temperament, which perhaps in 
some measure accounted for the genius of the child. 

The father led the life of a soldier, and finally perished in the 
campaign against the Turks. Young Kepler’s studies were di- 
rected with an eye to the ministry. After a preliminary training 
he attended the university at Tubingen, where he came under 
the influence of the celebrated Maestlin and became his life-long 
friend. 

Curiously enough, it is recorded that at first Kepler had no 
taste for astronomy or for mathematics. But the doors of the 
minis try being presently barred to him, he turned with enthusiasm 
to the study of astronomy, being from the first an ardent advocate 
of the Copernican system. 

His teacher, Maestlin, accepted the same doctrine, though he 
was obliged, for theological reasons, to teach the Ptolemaic sys- 
tem, as also to oppose the Gregorian refonn of the calendar. 

The Gregorian calendar, it should be explained, is so called 
because it was instituted by Pope Gregory XIII., who put it into 
effect in the year' 1582, up to which time the so-called Julian 
calendar, as introduced by Julius Caesar, had been everywhere 
accepted in Christendom. 

The Julian calendar was a great improvement on preceding 
ones, but still lacked something of perfection, inasmuch as its 
theoretical day differed appreciably from the actual day. In the 
course of fifteen hundred years, since the time of Caesar, this 
defect amounted to a discrepancy of about eleven days. Pope 
Gregory proposed to correct this by omitting ten days from the 
calendar, which was done in September, 1582. 

To prevent similar inaccuracies in the future, the Gregorian 
calendar provided that once in four centuries the additional day 
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to make a leap-year should be omitted, the date selected for such 
omission being the last year of every fourth century. 

Thus the years 1900 and 2300 A.D., would not be leap-years. 

By this arrangement an approximate rectification of the calen- 
dar was effected, though even this does not make it absolutely 
exact. 



Fig. 25. — The Constellation Cepheus. (Adapted from Bayer’s Vrano- 
metria, of 1603.) Detail of a Star-chart of the Time of Kepler. 

Such a rectification as this was obviously desirable, but there 
was really no necessity for the omission of the ten days from 
the calendar. The equinoctial day had shifted so that in the year 
1582 it fell on the loth of March and September. There was no 
reason why it should not have remained there. It would greatly 
have simplified the task of future historians had Gregory con- 
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tented himself with providing for the future stability of the 

calendar without making the needless shift in question. 

We are so accustomed to think of the 21st of March and 
2ist of September as the natural periods of the equinox, that 
we are likely to forget that these are purely arbitrary dates for 
which the loth might have been substituted without any incon- 
venience or inconsistency. 

But the opposition to the new calendar, to which reference has 
been made, was not based on any such considerations as these. 

It was due, largely at any rate, to the fact that Germany at 
this time was under sway of the Lutheran revolt against the 
papacy. So effective was the opposition that the Gregorian calen- 
dar did not come into vogue in Germany until the year 1699. 
It may be added that England, imder stress of the same manner 
of prejudice, held out against the new reckoning until the year 
1751, while Russia did not accept it till 1918. 

As the Protestant leaders thus opposed the papal attitude in 
a matter of so practical a character as the calendar, it might 
perhaps have been expected that the Lutherans would have had 
a leaning towards the Copemican theory of the universe, since 
this theory was opposed by the papacy. Such, however, was not 
the case. 

Luther himself pointed out with great strenuousness, as a final 
and demonstrative argument, the fact that Joshua commanded 
the sun and not the earth to stand still (again that regrettable 
image of the Hebrew poet!); and his followers were quite as 
intolerant towards the new teachings as were their ultramontane 
opponents. 

Kepler himself was, at various times, to feel the restraint of 
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ecclesiastical opposition, though he was never subjected to direct 
persecution, as was his friend and contemporary, Galileo. 

At the very outset of Kepler’s career there was, indeed, ques- Kepler’s 
tion as to the publication of a work he had written, because 
that work took for granted the truth of the Copernican doctrine. 

This work appeared, however, in the year 1596. It bore the 
title Mysterium Cosmographicum, and it attempted to explain the 
positions of the various planetary bodies. Copernicus had devoted 
much time to observation of the planets with reference to meas- 
uring their distance, and his efforts had been attended with con- 
siderable success. 

He did not, indeed, know the actual distance of the sun, and 
therefore was quite unable to fix the distance of any planet. 

On the other hand, he determined the relative distance of all 
the planets then known, as measured in terms of the sun’s dis- 
tance, with remarkable accuracy. 

With these measurements as a guide, Kqiler was led to a very 
fanciful theory, according to which the orbits of the five principal 
planets sustain a peculiar relation to the five regular'" solids of 
geometry. His theory was this: “Around the orbit of the earth 
describe a dodecahedron — ^the circle comprising it will be that 
of Mars; around Mars describe a tetrahedron— the circle com- 
prising it will be that of Jupiter; around Jupiter describe a cube 
— ^the circle comprising it will be that of Saturn; now within the 
earth’s orbit inscribe an icosahedron— the inscribed circle will 
be that of Venus; in the orbit of Venus inscribe an octahedron — 
the circle inscribed will be that of Mercury.” 

Though this arrangement was a fanciful one, which no one 
would now recall had not the theorizer obtained subsequent fame 
on more substantial grounds, yet it evidenced a philosophical 
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Spirit on the part of the astronomer which, misdirected as it 

was in this instance, promised well for the future. 

Tycho Brahe, to whom a copy of the work was sent, had the 
acumen to recognize it as a work of genius. 



Fig. 26. — ^The Constellation Hercules. (Adapted from Bayer’s Urano- 
metria, of 1603.) Detail of a Star Chart of the Time of Kepler. 


He summoned the young astronomer to be his assistant at 
Prague, and no doubt the association thus begun was instrumental 
in determining the character of Kepler’s future work. It was pre- 
cisely the training in minute observation that could avail most 
for a mind which, like Kepler’s, tended instinctively to the 
formulation of theories. 

When Tycho Brahe died, in 1601, Kepler became his successor. 
In due time he secured access to all the impublished observations 





Slow DAWN or THE NEW ERA 147 

of his great predecessor, and these were of inestimable value to 
him in the progress of his own studies. 

Kepler was not only an ardent worker and an enthusiastic 
theorizer, but he was an indefatigable writer, and it pleased him 
to take the public fully into his confidence, not merely as to his 
successes, but as to his failures. Thus his works daborate false 
theories as well as true ones, and detail the observations through 
which the incorrect guesses were refuted by their originator. 

Some of the mystic theories, indeed, were never relinquished. 

Thus the work which exposits the laws of planetary motion — 
laws that were to be foundation stones of the future science of 
cdestial mechanics — calls the reader’s attention to the fact that 
twenty-two years earlier Kepler had published the theory that 
the number of the planets or orbits about the sun was derived 
by the most wise Creator from the five solid figures about which 
Eudid so many centuries ago wrote the book which, since it is 
made up of a series of propositions, is called Elementa. 

And Kepler adds: 

“That there cannot be more regular bodies; that regular plain 
figures cannot unite into a solid in more than five ways, was made 
dear in the second book of the present work.” 

And he goes on to explain the ratios between the orbits of the 
planets and the basis of this imaginary relation — emerging mi- 
raculously with true laws of planetary motion which served at a 
single coup to demolish the entire structure of the antique 
mechanism of the heavens. 

In the words of Lodge: 

“After incredible labor, through innumerable wrong guesses, 
and six years of almost incessant calculation, he at length emerged 
in his ‘two laws’— discoveries which swept away all epicydes, 
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deferents, equants, and other remnants of the Greek system, 

and ushered in the dawn of modem astronomy.” 

To which Shapley and Howarth add: 

“His mystic temperament led to the happy inspiration of trying 
to get a relation connecting the size of orbits with times of 



Fig. 27. — The Constellation Bootes. (Adopted from Bayer’s 
Uranometria, of 1603.) 

revolution and finally'to the discovery of the ‘third law,’ which 
is given in ‘Ebirmony of the World.’ ” 

Here, concisely stated, are the interpretations of planetary 
motion in question, which have come to bear the name of Kepler’s 
laws: 

1. That the planetary orbits are not circular, but elliptical, 
the sun occupying one focus of the ellipses. 

2. That the speed of planetary motion varies in difierent parts 
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of the orbit in such a way that an imaginary line drawn from 
the sun to the planet — that is to say, the radius vector of the 
planet’s orbit — ^always sweeps the same area in a given time. 

These two laws Kepler published as early as 1609. Many years 
more of patient investigation were required before he found out 



Fig. 28. — Diagram to Illustrate Kepler’s First 

Planetary Motion. 


and Second Laws of 


the secret of the relation between planetary distances and times 
of revolution which his third law expresses. In 1618, however, he 
was able to formulate this relation also, as follows: 

3. The squares of the distance of the various planets from the 
sun are proportional to the cubes of their periods of revolution 
about the sun. 

All these laws, it will be observed, take for granted the fact 
that the sun is the centre of the planetary orbits. 

It must be understood, too, that the earth is constantly re- 
garded, in accordance with the Copemican system, as being itself 
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a member of the planetary system, subject to precisely the same 
laws as the other planets. 

Long familiarity has made these wonderful laws of Kepler 
seem such matters of course that it is difficult now to appreciate 
them at their full value. 

Yet, as has been many times pointed out, it was the knowledge 
of these marvellously simple relations between the planetary 
orbits that laid the foundation of the Newtonian law of universal 
gravitation. 

Contemporary judgment could not, of course, anticipate this 
culmination of a later generation. 

What it could understand was that the first law of Kepler 
attacked one of the most time-honored of metaphysical concep- 
tions— namely, the Aristotelian idea that the circle is the perfect 
figure, and hence that the planetary orbits must be circular. 

Not even Copernicus had doubted the validity of this assump- 
tion. That Kepler dared dispute so firmly fixed a belief, and one 
that seemingly had so sound a philosophical basis, evidenced 
the iconoclastic nature of his genius. That he did not rest content 
until he had demonstrated the validity of his revolutionary as- 
sumption shows how truly this great theorizer made his hypoth- 
eses subservient to the most rigid inductions. 

An inkling of the difficulties that confronted Kepler in an- 
nouncing his discoveries is given in the “Introduction upon 
Mars.” 

“It must be confessed,” Kepler says, “that there are very 
many who are devoted to Holiness, that dissent from the Judg- 
ment of Copernicus, fearing to give the Lye to Holy Ghost speak- 
ing in the scriptures if they should say, that the Earth moveth, 
and the sun stands still.” 
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Kepler then urges that there is no real contradiction; that to 
speak of the sun as standing still may be a mere form of speech, 
just as Virgil speaks of the shore receding from the ship. 

He gives assurance that the astronomer on whom God hath 
bestowed the gift of true vision, “though he seeth more clearly 
with the Eye Understanding, yet whatever he hath attained to, 
is both able and willing to extol his God above it.” 


r 



Fig. 29. — ^The Constellation Cygnus. (Adapted from Bayer’s Urano- 
metria, of 1603.) Note the Greek Letters First Used by Bayer to 
Designate Particular Stars. 

Then, as touching the opinions of the Saints about these Nat- 
ural Points, he urges that in theology the weight of Authority, 
but in philosophy the weight of Reason, is to be considered. 
Note, then, the conclusion: 

“Therefore Sacred was Lactantius, who denied the Earth’s 



152 GREAT ASTRONOMERS 

rotundity; Sacred was Augustine, who granted the Earth to be 
round, but denyed the Antipodes, Sacred is the Liturgy (Officium) 
of our Moderns, who admit the smallness of the Earth, but d^y 
its Motion: But to me more sacred than all these is Truth, who 
with respect to the Doctors of the Church, do demonstrate from 
Philosophy that the Earth is both round, circumhabited by An- 
tipodes, of a most contemptible smallness, and in a word, that 
it is ranked amongst the Planets.” 

It is to be noted that even in his later publications Kepler 
continues to refer to the prevailing skepticism about the new 
Copernican doctrine. 

Thus in the treatise on Celestial Harmonies, telling of the 
goal ultimately achieved on the isth of May, i6i8 (in which 
the truth suddenly burst upon him, almost unbelievably, after 
seventeen years of labor), he states that among the mass of 
students the heliocentric idea is still unfamiliar, and the theory 
that the earth is one of the planets and moves among the stars 
about the sun, which is stationary, sounds to the most of them 
quite absurd. 

It is to be noted also that in the same treatise, it is stated 
that among astronomers the fact is now well established that all 
the planets except the earth and moon revolve around the sun, 
implying acceptance of the Tychonic system for those that still 
reject the main thesis of the Copernican system; the alternative 
orbits being represented on the diagrammatic drawings that ac- 
company the text. Kepler’s veneration for the master observer 
whom he succeeded is so great that he speaks always with 
profound respect of any theory of Tycho, even though forced to 
disagree with it wholly or in part. 
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We modems, who were taught Kepler’s laws as fundamentals 
of celestial mechanics on our first introduction to astronomy, 
find it difficult to comprehend the revolutionary import of these 
seemingly simple conceptions. 

There is no vast difference, as we conceive the matter, between 
a circle that is quite roimd and a slightly flat circle, which we 
term an ellipse. 

But to the mediaeval mind, and to the scholastic mind of a 
later epoch, the difference seemed profound. 

For them, the circle was the perfect figure, the ellipse an im- 
perfect or distorted circle. To suggest that the celestial bodies 
pursue an elliptical, not a circular, course, is to suggest a funda- 
mental defect in the mechanism of the heavens. 

Such a suggestion amounts to blasphemy. 

Hence the horror with which Kepler’s first law, announcing 
the elliptical orbits of planets, was contemplated by a vast 
majority of his learned contemporaries. 

On the other hand, for the open-minded investigator, the new 
conception came like an inspired mandate, bringing order out 
of chaos. 

The thesis of Copernicus had, indeed, cleared away many of 
the cobwebs of the Ptolemaic system; but a certain number of 
epicycles still remained, and must remain so long as the planets 
were conceived to be moving in circular orbits. Instantly these 
epicycles disappeared when it was realized that the sun is not 
at the centre of any planetary orbit, but at one focus of an 
elliptical orbit. 

The seeming loops in the orbits of planets, the varying speeds 
with which they move, were now explained. 

There are more dasra from the vernal equinox to the autumnal 
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equinox than for the other half of the year, because the earth is 

then on the long leg of the ellipse, being farther from the sun 

at the summer solstice in June than at the winter solstice in 

December. 



Fig. 30. — ^The Constellation Aquila, the Eagle. (Adapted from Bayer’s 
Uranometfia, of 1603.) 

Every astronomer who could free his mind from the grip of 
the ancient superstitions must have viewed with profound relief 
the clarifying thesis which swept away the fifty-five or seventy- 
seven celestial spheres, and left a relatively simple mechanism, 
in which the six planets of which the earth is one move in their 
respective elliptical orbits about the sun, never faltering, never 
wavering, never turning on their tracks, but each moving at a 
rate predicated by Kepler’s second law, and each governed also 
by the third law which, in Kepler’s words, states that the periodic 
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times of any two planets are to each other exactly as the cubes 
of the square root of their median distances. 

The explanation of the caxise of these clearly revealed move- 
ments evaded the discoverer of the laws. 

He was obliged even, as a concession to tradition, to suggest 
that each planet might be held in its course by the governing 
power of a guiding angel. But his laws had laid the foundation 
for the work of a great successor, who was to explain the move- 
ments of the planets on the profoundly simple principle of uni- 
versal gravitation. 

Before that greatest of mathematical astronomers came on the 
scene, however, a series of discoveries of another type was made 
by Kepler’s contemporary, the famous Italian Galileo Galilei, 
to whose revelations we now turn. 


XI 

GALILEO AND HIS TELESCOPES 

T his great Italian champion of the Copernican doctrine was 
one of the most extraordinary scientific observers of any age. 
He was born at Pisa, on the i8th of February (old style), 
1564. 

The day of his birth is doubly memorable, since on the same 
day the greatest Italian of the preceding epoch, Michaelangelo, 
breathed his last. 

Persons fond of symbolism have found in the coincidence a 
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forecast of the transit from the artistic to the scientific epoch of 
the later Renaissance. 

Galileo came of an impoverished noble family. He was edu- 
cated for the profession of medicine, but did not progress far 
before his natural proclivities directed him towards the physical 
sciences. Meeting with opposition in Pisa, he early accepted a 
call to the chair of natural philosophy in the University of Padua, 
and later in life he made' his home at Florence, 

The mechanical and ph)rsical discoveries of Galileo must not 
detain us. Our present concern is with his contribution to the 
Copernican theory. 

Galileo himself records in a letter to Kepler that he became 
a convert to this theory at an early day. He was not enabled, 
however, to make any marked contribution to the subject, beyond 
the influence of his general teachings, until about the year 1610, 

The brilliant contributions which he made were due largely 
to a single discovery— namely, that of the telescope. 

Hitherto the astronomical observations had been made with 
the unaided eye. Glass lenses had been known since the thirteenth 
century, but, until now, no one had thought of their possible 
use as aids to distant vision. The question of priority of dis- 
covery has never been settled. It is admitted, however, that the 
chief honors belong to the opticians of the Netherlands. 

The Dis- As early as the year 1590 the Dutch optician Zacharias Jensen 
placed a concave and a convex lens respectively at the ends of 
Tdescope a tube about eighteen inches long, and used this instrument 
for the purpose of magnifying small objects— producing, in short, 
a crude microscope. 

Some years later, Johannes Lippershey, of whom not much 
is known except that he died in 1619, experimented with a some- 



Plate VI: Johannes Kepler (1571-1630) 

(Crayon interpretation of well-known portrait of untraced origin) 





SLOW DAWN OF THE NEW ERA 157 

what similar combination of lenses, and made the startling ob- 
servation that the weather-vane on a distant church-steeple 
seemed to be brought much nearer when viewed through the 
lens. The combination of lenses he employed is that still used 
in the construction of opera-glasses; the Germans still call such 
a combination a Dutch telescope. 



Fig. 31. — ^Jan Lippershey, Inventor of the Telescope. (Redrawn 
from Bell’s The Telescope, where it is credited to BuU. de la Astron. 
de France.) 

Doubtless a large number of experimenters took the matter 
up and the fame of the new instrument spread rapidly abroad. 

Galileo, down in Italy, heard rumors of this remarkable con- 
trivance, through the use of which it was said “distant objects 
might be seen as clearly as those near at hand.” He at once set 
to work to construct for himself a similar instrument, and his 
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efforts were so far successful that at first he “saw objects three 
times as near and nine times enlarged.” 

Continuing his efforts, he presently so improved his glass that 
objects were enlarged almost a thousand times and made to 
appear thirty times nearer than when seen with the naked eye. 
The Naturally enough, Galileo turned this fascinating instrument 

towards the skies, and he was almost immediately rewarded 
Milky by several startling discoveries. At the very outset, his mag- 
nifying-glass brought to view a vast number of stars that are 
mvisible to the naked eye, and enabled the observer to reach 
the conclusion that the ha2y light of the Milky Way is merely 
due to the aggregation of a vast number of tiny stars. 

Turning his telescope towards the moon, Galileo found that 
body rough and earth-like in contour, its surface covered with 
mountains, whose height could be approximately measured 
through study of their shadows. 

This was disquieting, because the current Aristotelian doc- 
trine supposed the moon, in common with the planets, to be a 
perfectly spherical, smooth body. 

The metaphysical idea of a perfect universe was challenged 
by this seemingly rough workmanship of the moon. 

Thus far, however, there was nothing in the observations of 
Galileo to bear directly upon the Copemican theory. But when 
inspection was made of the planets the case was different. With 
the aid of his telescope, Galileo saw that Venus, for example, 
passes through phases precisely similar to those of the moon, 
due, of course, to the same cause. 

Here then was demonstrative evidence that the planets are 
dark bodies reflecting the light of the sun, and an explanation 
was given of the fact, hitherto urged in opposition to the Coperni- 
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can theory, that the inferior planets do not seem many times 
brighter when nearer the earth than when in the most distant 
parts of their orbits; the explanation being of course, that when 
the planets are between the earth and the sun only a small por- 
tion of their illumined surfaces is visible from the earth. 

On inspecting the planet Jupiter, a still more striking revela- 
tion was made. Four tiny stars were observed to occupy an 
equatorial position near that planet, and were seen, when watched 
night after night, to be circling about the planet, precisely as 
the moon circles about the earth. 

Here, obviously, was a miniature solar system — a tangible ob- 
ject-lesson in the Copernican theory. In honor of the ruling 
Florentine house of the period, Galileo named these moons of 
Jupiter, Medicean stars. 

Turning attention to the sun itself, Galileo observed on the 
surface of that luminary a spot or blemish which was gradually 
modified in shape, suggesting that changes were taking place in 
the substance of the sun — changes obviously incompatible with 
the perfect condition demanded by the metaphysical theorists. 
But however disquieting for the conservative, the sun’s spots 
served a most useful purpose in enabling Galileo to demonstrate 
that the sun itself revolves on its axis, since a given spot was 
seen to pass across the disk and after disappearing to reappear 
in due course. The period of rotation was found to be about 
twenty-four days. 

It must be added that various observers disputed priority 
of discovery of the sun’s spots with Galileo. 

Unquestionably a sun-spot had been seen by earlier observers, 
and by them mistaken for the transit of an inferior planet. Kep- 
ler himself had made this mistake. Before the day of the tele- 
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scope, he had viewed the image of the sun as thrown on a screen 
in a camera-obscura, and had observed a spot on the disk which 
he interpreted as representing the planet Mercury, but which, 
as is now known, must have been a sun-spot, since the planetary 
disk is too small to have been revealed by this method. 



Fig. 32. — Craters and Mountains on the Moon. (Redrawn from 
Mt. Wilson Photo.) Galileo’s Telescope did not Reveal such Detail, 
but did Show that the Moon’s Surface is Rough, thus Refuting the 
Aristotelian Conception of the Perfect Sphere. 

Such observations as these, however interesting, cannot be 
claimed as discoveries of the sun-spots. 

It is probable, however, that several discoverers (notably 
Johann Fabricius) made the telescopic observation of the spots, 
and recognized them as having to do with the sun’s surface, al- 
most simultaneously with Galileo. One of these claimants was a 
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Jesuit named Schemer, and the jejdousy of this man is said to 
have had a share in bringing about that persecution to which 
we must now refer. 

There is no more famous incident in the history of science 
than the heresy trial through which Galileo was led to the nominal 
renimciation of his cherished doctrines. 

There is scarcely another incident that has been commented 
upon so variously. Each succeeding generation has put its own 
interpretation on it. The facts, however, have been but little 
questioned. 

It appears that in the year i6i6 the church became at last 
aroused to the implications of the heliocentric doctrine of the 
universe. 

Apparently it seemed clear to the church authorities that the 
authors of the Bible believed the world to be immovably fixed 
at the centre of the universe. Such, indeed, would seem to be the 
natural inference from various familiar phrases of the text, and 
what we now know of the status of Oriental science in antiquity 
gives full warrant to this interpretation. 

There is no reason to suppose that the conception of the sub- 
ordinate place of the world in the solar system had ever so much 
as occurred, even as a vague speculation, to the authors of 
Genesis. 

In common with their contemporaries, they believed the earth 
to be the all-important body in the universe, and the sun a 
luminary placed in the sky for the sole purpose of giving light 
to the earth. 

There is nothing strange, nothing anomalous, in this view; 
it merely reflects the current notions of Oriental peoples in 
antiquity. What is strange and anomalous is the fact that the 
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Oriental dreamings thus expressed could have been supposed 

to represent the acme of scientific knowledge. 

Yet such a hold had these writings taken upon the Western 
world that not even a Galileo dared contradict them openly; 
and when the church fathers gravely declared the heliocentric 
theory necessarily false, because contradictory to Scripture, there 
were probably few people in Christendom whose mental attitude 
would permit them justly to appreciate the humor of such a 
pronouncement. 

And, indeed, if here and there a man might have risen to such 
an appreciation, there were abundant reasons for the repression 
of the impulse, for there was nothing humorous about the re- 
sponse with which the authorities of the time were wont to meet 
the expression of iconoclastic opinions. 

The burning at the stake of Giordano Bruno, in the year 1600, 
was, for example, an object lesson well calculated to restrain the 
enthusiasm of other similarly minded teachers. 

Doubtless it was such considerations that explained the relative 
silence of the champions of the Copernican theory, accounting for 
the otherwise inexplicable fact that about eighty years elapsed 
after the death of Copernicus himself before a single text-book 
expounded his theory. 

The text-book which then appeared, under date of 1622, was 
written by the famous Kepler, who perhaps was shielded in a 
measure from the papal consequences of such hardihood by the 
fact of residence in a Protestant country. 

Not that the Protestants of the time favored the heliocentric 
doctrine — ^we have already quoted Luther in an adverse sense — 
but of course it was characteristic of the Reformation temper 
to oppose any papal pronouncement, hence the ultramontane 
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declaration of i6i6 may indirectly have aided the doctrine which 
it attacked, by making that doctrine less obnoxious to Lutheran 
eyes. 

Be that as it may, the work of Kepler brought its author into 
no direct conflict with the authorities. 

But the result was quite different when, in 1632, Galileo at 
last broke silence and gave the world, under cover of the form 
of dialogue, an elaborate exposition of the Copernican theory. 

Galileo, it must be explained, had previously been warned to 
keep silent on the subject, hence his publication doubly offended 
the authorities. To be sure, he could reply that his dialogue 
introduced a champion of the Ptolemaic system to dispute with 
the upholder of the opposite view, and that, both views being 
presented with full array of argument, the reader was left to 
reach a verdict for himself, the author having nowhere pointedly 
expressed an opinion. 

But such an argument, of course, was specious, for no one 
who read the dialogue could be in doubt as to the opinion of the 
author. Moreover, it was hinted that Simplicio, the character 
who upheld the Ptolemaic doctrine and who was ever3^here 
worsted in the argument, was intended to represent the pope him- 
self — a suggestion which probably did no good to Galileo’s cause. 

The work was widely drculated, and it was received with an e Pur Si 
interest which evidences a wide-spread undercurrent of belief in 
the Copernican doctrine. 

Naturally enough, it attracted immediate attention from the 
church authorities. 

Galileo was summoned to appear at Rome to defend his con- 
duct. The philosopher, who was now in his seventieth year, 
pleaded age and infirmity. He had no desire for personal esperi- 
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ence of the tribunal of the Inquisition. But the mandate was 

repeated, and Galileo went to Rome. 

There, as every one knows, he disavowed any intention to 
oppose the teachings of Scripture, and formally renounced the 
heretical doctrine of the earth’s motion. 

According to a tale which so long passed current that every 
historian must still repeat it though no one now believes it au- 
thentic, Galileo qualified his remmciation by muttering to him- 
self, “E pw si muove” (it does move, none the less), as he rose 
to his feet and retired from the presence of his persecutors. 

The tale is one of those fictions which the dramatic sense of 
humanity is wont to impose upon history, but, like most such 
fictions, it expresses the spirit if not the letter of truth; for just 
as no one believes that Galileo’s lips uttered the phrase, so no 
one doubts that the rebellious words were in his mind. 

What he said aloud there, publicly, on his knees was this: 

“I, Galileo, being in my seventieth year, being a prisoner and 
on my knees, and before your Eminence, having before my eyes 
the Holy Gospel, which I touch with my hands, abjure, curse, 
and detest the error and the heresy of the movement of the 
earth.” 

On his knees ! 

One of the great creative discoverers of all times on his knees 
before — the champions of an Oriental conception of cosmology 
which by the strange processes of the theocratic mind had come 
to be associated with fundamental problems of morality. 

It is an edifying spectacle — amusing or otherwise according 
to the viewpoint. In the light of the sequel, it is not Galileo that 
needs our sympathy. 
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A few years later (1642) the heretic was dead, and buried 
without honor in unconsecrated groimd. 

When his friends sought permission to erect a monument over 
his remains, Pope Urban, refusing, stated simply and earnestly: 

“It would be an evil example for the world if such honors were 
rendered to a man who had been brought before the Roman 
Inquisition for an opinion so false and erroneous; who had com- 
municated it to many others, and who had given so great a 
scandal to Christendom.” 

Do the words sound quaint? Let us be logical. Let us admit 
that no one who believes the “Holy Gospel” (on which the heretic 
had his hand when he recanted) to be the word of God, can 
justly take issue with Pope Urban’s verdict. 


XII 

HOKROX — CASSINI — ^FLAMSTEED — ^EXPANDING THE SOLAR 

SYSTEM 

E arly in the afternoon of November 24, 1639, a young man, 
whose grave intelligent face and clerical costume did not 
altogether mask his boyishness, came hurriedly along a street 
of the little village of Toole, not far from the city of Preston, 
in Lancashire, England. 

He glanced up at the sky eagerly, noted with a murmur of 
satisfaction that the sun was about to break through the clouds, 
and hurried on into his apartment. 
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A small room, with the blinds closed. There was darkness, 
almost as of night — except that a slender beam of light came 
through an aperture in a shutter and made a circular image, 
about six inches in diameter, on a sheet of paper adjusted ver- 
tically against a drawing-board at the opposite side of the room. 

The boyish clergyman, his face now eagerly alert, closed the 
door carefully behind him, and went hurriedly across the room 
and stooped to scrutinize the circle of light, as if he hoped to 
find there some message of momentous import. 

These were indeed troublous times in England. ICing Charles 
I. for the past ten years had governed without the Parliament, 
meeting the expenses of government by extraordinary measures 
of revenue, that had brought the people close to revolt. The 
year before, John Hampden had undergone a long-drawn-out 
trial for refusal to pay ship-money. The famous proposal to 
introduce the Episcopal Liturgy had provoked the Scots to the 
adoption of the Solemn League and Covenant, and now there 
was actual civil war, with the prospect that any day the armed 
forces might join in battle. 

But the young clergyman, hurrying to the darkened room, 
eagerly scanning the disk of light, was not thinking of these 
things. 

He was thinking only of an expected event, which, so he 
believed, was about to take place, not in England, but out in the 
depths of space, millions of miles away. 

The spot of light which he scrutinized so eagerly, was the 
image of the sun, focused there through the small telescope which 
he had adjusted at the aperture in the shutter. 

What he hoped to see was nothing more spectacular than a 
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dark, round spot, coming upon the disk of light at one side, and 
slowly creeping across the surface of the paper. 

But he would know that spot, if it came, for the shadow of 
the planet Venus. 

He would be elatedly conscious that he was witnessing some- 
thing, the like of which had never been seen in all the world 
by human eyes, since time began. 



He, Jeremiah. Horrox, a youth barely out of his ’teens, de- 
spite his ecclesiastical orders, was to witness — ^if Divine Provi- 
dence permitted — a spectacle such as not even old Galileo, still 
alive down there in Italy (though forbidden to use his telescopes) 
had ever seen — ^nor Kepler, author of the Rudolphine Tables, 
with the aid of which this prospective transit of Venus had been 
calculated. 

Needless to say, no earlier astronomer — ^neither T3mho, nor 
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Copernicus, nor old Hipparchus — could have dreamed of such 
a spectacle, living as they did in pre-telescopic days. 

And within the thirty years since Galileo first turned a mag- 
nifying glass on the heavens, there had been no time when the 
planet Venus had passed directly between the earth and the 
sun, as the calculations of the young clerg3nnan himself, fortified 
by the Rudolphine Tables, had clearly demonstrated. 

But would the transit occur even now? Were the calculations 
on which the event was predicted accurate and dependable? The 
clerg3mian believed they were, yet he could not rid his mind of 
the thought that there might be, somewhere, a fallacy in the 
reckoning. But most of all he feared that the clouds might inter- 
fere so that the march of the little planet across the face of the 
sun, even though it occurred, would not be visible. 

We have his own words for this. Writing after the event, he 
said: 

“But lest a vain exultation should deceive me, and to prevent 
the chance of disappointment, I not only determined diligently 
to watch the important spectacle myself, but to exhort others 
whom I knew to be fond of astronomy to follow my example; 
in order that the testimony of several persons, if it should so 
happen, might the more effectively promote the attainment of 
truth; and because by observing in different places, our purpose 
would be less likely to be defeated by the accidental interposition 

the clouds or any fortuitous impediment.” 

He goes on to say that his anxiety lest there be a clouded 
tmosphere was the greater because Jupiter and Mercury were in 
onjunction with the sun almost at the same time with Venus. 
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“This remarkable assemblage of the planets (as if they were 
desirous of beholding in common with ourselves, the wonders of 
the heavens, and adding to the splendor of the scene), seemed 
to forbode great severity of weather.” 

Mercury, he adds, is especially to be feared, because its con- 
junction with the sun is invariably attended with storm and 
tempest. 

“In this apprehension I coincide with the opinions of astrolo- 
gers, because it is confirmed by experience; but in other respects 
I cannot help despising their more than puerile vanities.” 

Here, then, the young astronomer reveals that, despite his 
genius, he is not altogether free from credulous acceptance of 
tradition, or from hasty generalization, in ascribing such in- 
fluence to the little interior planet over mundane affairs. Nor, 
it may be added, is he free by any means, from the influence of 
even less well-authenticated traditions of another t5T)e, since 
he tells us with fervor that the “clouds were dispelled as by 
Divine interposition,” and records that he “was enabled, by 
Divine Providence to complete” effectually the observation of 
what, according to his own calculation, was a purely natural 
phenomenon. 

As he gazed there at the disk for some minutes after he had 
returned to his apartment, he could not know whether his hopes 
and calculations were to be justified. He had not been very sure 
as to the exact hour, even the exact day, when the transit might 
occur — for the earlier tables with which he had begun his calcu- 
lations had come to seem to him very erroneous, and even the 
Rudolphine Tables, fortified by his own observations, might lack 
something of precision. 

True, he recorded afterward, he had relied on them implicitly. 
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and that they had forbade him to expect anything before three 

o’clock in the afternoon of this 24th day of November. 

Nevertheless, to make quite sure, unwilling to depend entirely 
on his own opinion, lest by too much self-confidence he might 
endanger the observation, he had devoted as much time on the 
preceding day as he could spare to similar observations, and had 
steadily scanned the disk, moving the telescope with the sun, 
from sunrise to nine o’clock, and from a little before ten until 
noon, and at one in the afternoon— “being called away in the 
intervals by business of the highest importance, which for these 
ornamental pursuits, I could not with propriety neglect.” 

But during all this time he had seen nothing in the sun except 
a small and common spot, “consisting as it were of three points 
at a distance from the centre towards left,” which he had noticed 
on the preceding day. 

But this evidently had nothing to do with Venus. 

Now, however, his e^ctations were to be justified. 

Venus At about fifteen minutes past three, as he stood there in the 
Appears j-gom with eyes intent on the image of the sun, which 

just covered the graduated circle, divided into degrees and frac- 
tions like a compass dial, which he had inscribed on the paper, 
he noted a slight indentation at the border of the disk, about 25 
degrees below the equatorial line — and realized with elation that 
his prediction was on the point of being verified. 

“I then beheld a most agreeable spectacle, the object of my 
sanguine wishes, a spot of unusual magnitude and of a perfectly 
circular shape, which had already fully entered upon the sun’s 
disk on the left, so that the limbs of the Sun and Venus pre- 
cisely coincided, forming an angle of contact. Not doubting that 
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this was really the shadow of the planet, I immediately applied 
myself sedulously to observe it.” 

What he observed was that the Venus-spot was very closely 
one-thirtieth of the size of the solar diameter. 

He saw this shadow move partly across the solar disk for 
half an hour, and then the sun sank below the horizon. He had, 
however, completed all the observations that could possibly be 
made in so short a time, and he was able, subsequently, to make 
inferences from these observations that gave him a more correct 
notion as to the distance of the sun from the earth than anyone 
on the world had ever clearly entertained before. 

There was an element of inspired guessing in his estimate, for inspired 
a single observation of a transit of Venus does not give data from 
which the sun’s parallax can be accurately computed. 

A second simultaneous observation from a different part of 
the earth’s surface is necessary to supply such data. 

The distance between the two points of observation serves 
as a base line for “triangulation” or “trigonometric” calculation 
of the planet’s distance. 

As young Horrox was probably the only man in the world 
who was considering the transit of Venus that day, there was 
obviously no such second observation available. 

J^evertheless, it is recorded that the young clergyman, doubt- 
less aided by astronomical observations of other t3q)es, within 
the two years of life that remained to him, was able to satisfy 
himself that the sun’s parallax could not be greater than 14 
seconds of arc. 

This is only about five seconds more than the true parallax, 
as determined long afterwards — ^an amazing approximation to 
the truth, when it is recalled that the contemporaries and prede- 
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cessors of the youthful astronomer regarded something like i8o 
seconds as the sun’s parallax, thus reckoning the sun’s distance 
as less than one-twelfth of what young Horrox now computed. 

To be known as the first man to predict and to observe a 
transit of Venus, would constitute a distinction giving a secure 
place in the history of astronomy. To have accomplished such a 
feat at the age of twenty years, is to have demonstrated an 
astounding precocity of genius. 

But the young clergyman who accomplished this feat by no 
means paused with that. He made further demonstration of origi- 
nal genius of the highest order by a series of discoveries and 
creative estimates, any one of which by itself would have given 
distinction to the astronomer who made it, had it been the sole 
accomplishment of a lifetime. 

Thus he was first to discover that the orbit of the moon is an 
ellipse, with the earth at one focus — a rare secret which even 
the “extreme sagacity and genius almost divine” of Kepler had 
missed, notwithstanding his recognition of the elliptical orbits 
of the planets. His skill as an observer is further attested by his 
discovery of the inequality in the mean motion of Jupiter and 
Saturn. His ingenuity of invention is evidenced by the devise- 
ment of “a beautiful experiment of the circular pendulum” for 
illustrating the action of a central force. He commenced a regular 
series of tidal observations, effected improvements in different 
astronomical tables, wrote opinions upon the nature and move- 
ment of comets, and recommended the adoption of decimal 
notation. 

It has even been said that he had clearer intimations of the law 
of gravitation — though he died two years before Newton was 
born. As to that, it should be recalled, that a general conception 





Plate Vll: Galileo Galilei (1564-1642) 

(Crow-quill adaptation, introdudns one of the famous telescopes, based 
on an old engraving of untraccrl origin reproduced in Williams' History 
of Science) 
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of the probable truth of what came to be known as the law of 
Inverse Squares — ^the operation of a law of gravitational force 
decreasing as the square of the distance — ^was forecast by a 
number of Newton’s contemporaries. 

But, waiving this point, the amazing extent and variety of the 
original achievements of young Jeremiah Horrox, must give him 
secure place in the list of the world’s astronomers of supreme 
original genius. 

One finds it hard to avoid the futile speculation as to what 
might have been his aggregate achievements had he been spared 
to attain full maturity. If the promise — ^more than promise — of 
the formative years be considered a valid augury, it would seem 
that, but for his imtimely demise, Jeremiah Horrox must have 
attained a plane of achievement not far below the supreme pin- 
nacle where Isaac Newton, whose contemporary he should have 
been had fate been less unkind, now stands alone. 

Fully to appreciate how far in advance of his time the young The Solai 
clergyman was, it must be noted that not until the thirtieth year 
after his death did any one else attain his quality of vision as 
to the true distance of the earth from the sun — ^that is to say, 
as to the essential scale of distances in the entire solar system. 

The planetary orbits are, in reality, from twenty to thirty 
times wider than the astronomers of the time of Horrox con- 
ceived them. The full significance of the disparity between the 
contemporary view and the inspired estimate of the young Eng- 
lish genius will be evident only if we recall that Galileo survived 
Horrox by a year, that Kepler had passed from the scene only a 
decade earlier, and that the keen-eyed Hevelius was then in his 
prime. 

A younger generation of astronomers was about to come to 
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the fore, however, several of whose members would take up the 
problem of the sun’s distance, for the first time giving official 
challenge, as it were, to the altogether faulty conception, tra- 
ditional from the day of Aristarchus, which placed the sun only 
eighteen or twenty times (instead of about 145 times) as far 
from the earth as the moon. 



Fig. 34. — ^John Flamsteed (1646-1719), First Astronomer Royal of 
England. (Redrawn from Bryant’s History of Astronomy. Original 
Source not Stated.) 

The relative distances of the various planets were, of course, 
correctly known, in accordance with Kepler’s Laws, but the ab- 
surdly mistaken estimate as to the imit distance, the radius of the 
earth’s orbit, made the scale of the solar system, as authorita- 
tively accepted, like a miniature replica of the actual planetary 
system. 

The Englishman, Flamsteed, first Astronomer Royal, and the 
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Frenchmen, Cassini and Richer, acting in unison in 1672, were 
chiefly responsible for new observations, directed to the planet 
Mars in opposition, through which the age-old error was cor- 
rected, and something like the real magnitude of the solar system 
revealed, to the amazement of the astronomical world and the 
intellectual public in general. 

It is illuminating to recall that the generation which thus for 
the fi.rst time in the history of the world had the remotest con- 
ception of the actual magnitude of the planetary system of which 
our earth is a part, included such geniuses of the scientific world 
as Newton, Huygens, Hooke, and Leibnitz. The cultural aspects 
of the time may be envisaged by recalling that this is the age of 
three of England’s most celebrated writers — Bunyan, Dryden, 
and Milton. 

The fall of Lucifer, on that famed summer’s day, as Milton 
conceived it, compassed but a small fraction of the abysmal 
distances which, only five years later (for “Paradise Lost” was 
published in 1667) were to be revealed by the telescopes of the 
inspectors of Mars as the actual confines of the Solar system, 
at that time still commonly regarded as practically the confines of 
the universe. 

It should be added, however, that the astronomers who made 
the new measurement were well aware that a very wide distance 
separates the planetary system from the vault of the firmament 
in which the fixed stars are located. They had no very clear con- 
ception as to the actual nature of the fixed stars themselves, but 
the fact that those stars showed no shift of position when viewed 
from opposite sides of the earth’s orbit (for by now the astro- 
nomical leaders were convinced of the truth of the Copemican 
doctrine) proved their vast distance — even though the earth’s 
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orbit was supposed to be a fraction as wide as the new measure- 
ments were to reveal it. 

The method of making these measurements, indeed, was based 
on the fact that the stars of the firmament appear fixed in their 
places, and therefore can be used as a background against which 
the relatively nearby planet Mars is projected. 

If observation is made of the planet’s relation to some nearby 
star or stars at a given time and place of observation, and then 
a subsequent observation, when the observer’s position has been 
shifted eastward by the earth’s rotation, is made of the same 
objects, the apparent shift of position of the planet (allowance 
being made, of course, for actual movement in its orbit) will 
give data for the kind of angular or trigonometric measurement, 
by which distance of the observed object may be determined. 

The same object wiU be accomplished if two observers situated 
at widely separated points make simultaneous telescopic tests 
of the exact position of the planet in relation to the background 
of stars. Here the distance between the places of observation 
furnishes the base line, precisely as it was furnished by the shifted 
position of the single observer; with the advantage that now 
there is no calculation to be made as to the actual movement 
of the planet. 

Such observations may obviously be made to best advantage 
in a region at or near the equator. The equatorial region of 
Africa being inpenetrable, the Mars-testing campaign of the 
coalition of astronomers in 1672 (as well as many similar cam- 
paigns of later history) involved a journey to South America. 

The results of the tests were as accurate as could be expected 
with the relatively crude instruments then available. 

A parallax of about ten seconds was revealed— an incredible 
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figure in view of the estimates hitherto accepted as valid and 
recorded in supposedly authoritative tables. 

Even Kepler, who regarded the conventional figure of i8o 
seconds as grossly inaccurate, was content to assert that he 
believed the actual parallax could not be greater than 6o seconds. 
Horrox, as we have seen, had improved vastly on this estimate, 
with his suggestion of a fourteen second estimate. The observers 
of Mars — ^making the first parallax determinations that cordd 
be said to have any considerable measure of scientific validity, 
reduced the figure to about ten seconds. (The modern estimate, 
as we shall see, is a little more than one second smaller — 8.8 
or thereabouts.) 

Thus, at a single coup, and perhaps to their own bewilder- 
ment, the three Mars-testing astronomers were obliged, in defer- 
ence to their own observations, to hurl the sun away from the 
earth, to a distance twenty times that at which it had been 
supposed to be stationed — ^landing it at the inconceivable dis- 
tance of something like eighty million miles, as against the 
neighborly four million miles it had hitherto occupied. 

And if the sun was moved twenty times as far away as it 
hitherto had been supposed to be stationed, it was by the same 
token increased twenty times in diameter. 

It must be four himdred times, not merely twenty times, as 
wide as the moon. That made it enormously larger than the 
earth, and went far to justify the location at the centre of the 
universe, where the Copemican conception places it. 

So, after all, the heliocentric doctrine is not quite so absurd 
as it has seemed. 

The average man has a strong bent for practicality. Ordinary 
imagination goes little beyond ordinary experience. One can con- 
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ceive bodies whirled about by large ones better than one can 
conceive the reverse condition. So perhaps we shall not be far 
wrong if we assume that the new measurements of the distance 
of the sun, made by three astronomers of high repute in the 
year 1672, and accepted at once by the majority of their con- 
frkes, may have gone farther toward reconciling the contempo- 
rary generation to the conception of a heliocentric world than 
all other scientific influences put together. 

The average man could know nothing of Kepler’s laws of 
planetary motion; he could have but scant comprehension of 
Galileo’s laws of physical motion here at the earth’s surface; 
still less comprehend the import of Newton’s presently forth- 
coming law of universal gravitation. 

But he could clearly recognize the plausibility of placing a 
big body instead of a small body at the center of any system of 
revolving machinery. And the bald statement that the sun is a 
gigantic ball and the earth a relative dwarf is one that he could 
clearly grasp. 

Of course, I do not mean to imply that the average man, 
even though he heard so strange a thing reported, and could 
clearly apprehend the meaning of what he heard, accepted the 
new knowledge at once as matter for belief. 

To make that assumption would be to run counter to all 
history. • 

But the Copemican doctrine could not have been before the 
world for four or five generations (since 1543) without gaining 
some converts. 

It was stfll heresy, of course. No conscientious churchman of 
the ultramontane faith could so much as read about it, let alone 
speak of it — for the works not alone of Copernicus but of Kep- 
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ler and Galileo had of course been placed on the Index (there 
to remain yet another 150 years); and equally, of course, tra- 
dition still kept its hold on the educational institutions and their 
textbooks. But the leaven of truth ultimately leavened the popu- 
lar mind, despite such conventional obstacles, and the form of 
truth which has, naturally, most quickening power, is that which 
appeals to the understanding of the masses of mankind. 

The measurement of a planet, by methods that any surveyor 
can understand, held possibilities of popular enlightenment to 
which the formulae of a Newton cannot aspire. 

And as yet Newton had not put forth his formulae. But at 
the time when the parallax measurements were made, he was 
on the scene, approaching full maturity of mind. Nor was it by 
any means an accident that his mind should be directed primar- 
ily toward the explanation of the mechanism of the universe, 
in an age when the physical proportions and true relations be- 
tween the bodies of the planetary S3^tem were being revealed 
and so ardently investigated. 

We shall learn, perhaps with surprise, that this great mathe- 
matical genius was no less visually-minded than the observing 
astronomers; and that he was led to his greatest discovery — 
generally appraised as the greatest discovery of all time — ^through 
consideration of the practical relationships of the planetary 
bodies; and tested and demonstrated his conception of universal 
gravitation by consideration of the tangibilities of the moon’s 
motion, which one need not be at all a mathematician fully to 
comprehend. 

We turn now to the story of this greatest of geniuses, and his 
monumental discovery. 
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THE COMING OF NEWTON 

O N CHRISTMAS day of the year in which great Galileo died 
(1642), there was bora in England another intellectual 
giant who was destined to carry forward the work of Copernicus, 
Kepler, and the heretical Italian, to a marvellous consummation 
through the discovery of the all-compassing law in accordance 
with which the planetary motions are performed. 

I refer, of course, to the greatest of English physical scientists, 
Isaac Newton, the Shakespeare of the scientific world. 

Born thus before the middle of the seventeenth century, New- 
ton lived beyond the first quarter of the eighteenth (1727). For 
the last forty years of that period his was the dominating scien- 
tific personality of the world. With full propriety that time has 
been spoken of as the “Age of Newton.” 

Yet the man who was to achieve such distinction gave no early 
premonition of future greatness. 

He was a sickly child from birth, and a boy of little seeming 
promise. He was an indifferent student. On the other hand, he 
cared little for the common amusements of boyhood. He early 
exhibited, however, a taste for mechanical contrivances, and spent 
much time in devising windmills, water-clocks, sun-dials, and 
kites. 

While other boys were interested only in having kites that 
would fly, Newton — at least so the stories of a later time would 
have us understand — cared more for the investigation of the 
seeming principles involved, or for testing the best methods of 
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attaching the strings, or the best materials to be used in 
construction. 

Meanwhile the future philosopher was acquiring a taste for 
reading and study, delving into old volumes whenever he found 
an opportunity. 

These habits convinced his relatives that it was useless to 
attempt to make a farmer of the youth, as had been their inten- 
tion. He was therefore sent back to school, and in the summer 
of 1 66 1 he matriculated at Trinity College, Cambridge. Even 
at college Newton seems to have shown no unusual mental ca- 
pacity, and in 1664, when examined for a scholarship by Dr. 
Barrow, that gentleman is said to have formed a poor opinion 
of the applicant. 

It is said that the knowledge of the estimate placed upon 
his abilities by his instructor piqued Newton, and led him to 
take up in earnest the mathematical studies in which he after- 
wards attained such distinction. 

The study of Euclid and Descartes’ Geometry roused in him 
a latent interest in mathematics, and from that time forward 
his investigations were carried on with enthusiasm. In 1667 he 
was elected Fellow of Trinity College, taking the degree of M.A. 
the following spring. 

It will thus appear that Newton’s boyhood and early manhood 
were passed during that troublous time in British political annals 
which saw the overthrow of Charles I., the autocracy of Crom- 
well, and the eventual restoration of the Stuarts. His maturer 
years witnessed the overthrow of the last Stuart and the reign 
of the Dutchman, William of Orange. In his old age he saw 
the first of the Hanoverians moimt the throne of England. Within 
a decade of his death such scientific path-finders as Cavendish, 



GREAT ASTRONOMERS 


The . 
Composi- 
tion of 
White 
Light 


182 

Black, and Priestley were born— men who lived on to the close 
of the eighteenth century. 

In a full sense, then, the age of Newton bridges the gap from 
that early time of scientific awakening under Kepler and Galileo 
to the time which we of the twentieth century think of as essen- 
tially modem. 

In December, 1672, Newton was elected a Fellow of the Royal 
Society, and at this meeting a paper describing his invention of 
the reflecting telescope was read. 

A few days later he wrote to the secretary, making some in- 
quiries as to the weekly meetings of the society, and intimating 
that he had an account of an interesting discovery that he wished 
to lay before the members. When this communication was made 
public, it proved to be an explanation of the discovery of the 
composition of white light. 

The question as to the nature of color had commanded the 
attention of such investigators as Huygens, but no very satis- 
factory solution had been attained. 

Newton proved by demonstrative experiments that white light 
is composed of the blending of the rays of diverse colors, and 
that the color that we ascribe to any object is merely due to the 
fact that the object in question reflects rays of that color, absorb- 
ing the rest. 

That white light is really made up of many colors blended 
would seem incredible had not the experiments by which this 
composition is demonstrated become familiar to every one. The 
experiments were absolutely novel when Newton brought them 
forward, and his demonstration of the composition of light was 
one of the most striking expositions ever brought to the attention 
of the Royal Society. 
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It is hardly necessary to add that, notwithstanding the con- 
dusive character of Newton’s work, his explanations did not 
for a long time meet with general acceptance. 

Newton was led to his discovery by some experiments made 
with an ordinary glass prism applied to a hole in the shutter 
of a darkened room, the refracted rays of the sunlight being 
received upon the opposite wall and forming there the familiar 
spectrum. 

"It was a very pleasing diversion,” he wrote, "to view the 
vivid and intense colors produced thereby; and after a time, 
applying myself to consider them very drcumspectly, I became 
surprised to see them in varying form, which, according to the 
received laws of refraction, I expected should have been circular. 
They were terminated at the sides with straight lines, but at 
the ends the decay of light was so gradual that it was difficult 
to determine justly what was their figure, yet they seemed 
semicircular.” 

This “ordinary glass prism” was to play an extraordinary part 
in the astronomical development of a later century. But as yet 
its future r61e was quite unsuspected. We need not here follow 
the discovery of the spectrum farther. We shall bear more about 
the beam of light — ^and in particular some of its strange features 
that Newton overlooked — ^in a later chapter. 

Here we press on at once to the discovery that constitutes 
the greatest single contribution ever made to pure sdence; a 
discovery as meaningful for astronomy as had been the invention 
of the telescope itself. 

I refer, of course, to the law of gravitation, the most far- 
reaching principle ever hitherto discovered. 

T his law has application to the minutest partide of matter 
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in the earth’s structure, and to the most distant suns in the 
universe. 

Yet it is amazing in its simplicity. 

As usually phrased, the law is this: Every particle of matter 
in the universe attracts every other particle with a force that 
varies directly with the product of the masses of the particles and 
inversely as the squares of their muttial distance. 

Newton did not vault at once to the full expression of this 
law, though he had formulated it fully before he gave the results 
of his investigations to the world. We have now to follow the 
steps by which he reached this culminating achievement. 

At the very beginning we must understand that the idea of 
universal gravitation was not absolutely original with Newton. 

Away back in the old Greek days, Anaxagoras conceived and 
clearly expressed the idea that the force which holds the heavenly 
bodies in their orbits may be the same that operates upon sub- 
stances at the surface of the earth. 

With Anaxagoras this was scarcely more than a guess. After 
his day the idea seems not to have been expressed by any one 
until the seventeenth century’s awakening of science. Then the 
consideration of Kepler’s Third Law of planetary motion sug- 
gested to many minds perhaps independently the probability that 
the force hitherto mentioned merely as centripetal, through the 
operation of which the planets are held in their orbits, is a force 
varying inversely as the square of the distance from the sun. 

This idea had come to Robert Hooke, to Wren, and perhaps 
to Halley, as well as to Newton; but as yet no one had conceived 
a method by which the validity of the suggestion might be tested. 

It was claimed later by Hooke that he had discovered a method 
of demonstrating the truth of the theory of inverse squares, and 
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after the full announcement of Newton’s discovery a heated 
controversy was precipitated in which Hooke put forward his 
claims with accustomed acrimony. Hooke, however, never pro- 
duced his demonstration, and it may well be doubted whether he 
found a method which did more than vaguely suggest the law 
which the observations of Kepler had partially revealed. 

Newton’s great merit lay not so much in conceiving the law 
of inverse squares as in the demonstration of the law. 

He was led to this demonstration through considering the 
orbital motion of the moon. 

According to the familiar story, which has become cme of the The Apple 
classic mjdhs of science, Newton was led to take up the problem 
through observing the fall of an apple. 

Voltaire is responsible for the story, which serves as well as 
another; its truth or falsity need not in the least concern us. Suf- 
fice it that through pondering on the familiar fact of terrestrial 
gravitation, Newton was led to question whether this force which 
operates so tangibly here at the earth’s surface may not extend 
its influence out into the depths of space, so as to include, for 
example, the moon. 

Obviously some force pulls the moon constantly towards the 
earth; otherwise that body would fly off at a tangent and never 
return. 

May not this so-called centripetal force be identical with ter- 
restrial gravitation? 

Such was Newton’s query. Probably many another man since 
Anaxagoras had asked the same question, but assuredly Newton 
was the first man to find an answer. 

The thought that suggested itself to Newton’s mind was this: 

If we make a diagram illustrating the orbital course of the moon 
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for any given period, say one minute, we shall find that the course 
of the moon departs from a straight line during that period by a 
measurable distance — ^that is to say, the moon has been virtually 
pulled towards the earth by an amount that is represented by the 
difference between its actual position at the end of the minute 



Fig. 35 - — ^Newton’s Demonstration of Gravitation Between Earth 
and Moon, (From Williams’ History of Science.) See text for expli- 
cation. 


under observation and the position it would occupy had its course 
been tangential, as, according to the first law of motion, it must 
have been had not some force deflected it towards the earth. 

Measuring the deflection in question — which is equivalent 
to the so-called versed sine of the arc traversed — ^we have a basis 
for determining the strength of the deflecting force. 

Newton constructed such a diagram, and, measuring the 
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amount of the moon’s departure from a tangential rectilinear 
course in one minute, determined this to be, by his calculation, 
thirteen feet. 

Obviously, then, the force acting upon the moon is one that 
would cause that body to fall towards the earth to the distance 
of thirteen feet in the first minute of its fall. Would such be the 
force of gravitation acting at the distance of the moon if the 
power of gravitation varies inversely as the square of the 
distance? 

That was the tangible form in which the problem presented 
itself to Newton. 

The mathematical solution of the problem was simple enough. 
It is based on a comparison of the moon’s distance with the 
length of the earth’s radius. On making this calculation, Newton 
found that the pull of gravitation — ^if that were really the force 
that controls the moon — gives that body a fall of slightly over 
fifteen feet in the first minute, instead of thirteen feet. 

Here was surely a suggestive approximation. On the other 
hand, the discrepancy seemed to be too great to wanant him in 
the supposition that he had found the true solution. 

He therefore dismissed the matter from his mind for the time 
being, nor did he return to it definitely for some years. 

It was to appear in due time that Newton’s h3rpothesis was 
perfectly valid and that his method of attempted demonstration 
was equally so. 

The difficulty was that the earth’s proper dimensions were 
not at that time known. A wrong estimate of the earth’s size 
vitiated all the other calculations involved, since the measure- 
ment of the moon’s distance depends upon the observation of 
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the parallax, which cannot lead to a correct computation unless 
the length of the earth’s radius is accurately known. 

Newton’s first calculation was made as early as 1666, and it 
was not until 1682 that his attention was called to a new and 
apparently accurate measurement of a degree of the earth’s 
meridian made by the French astronomer Picard. The new 
measurement made a degree of the earth’s surface 69.10 miles, 
instead of sixty miles. 

Learning of this materially altered calculation as to the earth’s 
size, Newton was led to take up again his problem of the falling 
moon. 

As he proceeded with his computation, it became more and 
more certain that this time the result was to harmonize with the 
observed facts. As the story goes, he was so completely over- 
whelmed with emotion that he was forced to ask a friend to 
complete the simple calculation. That story may well be true, 
for, simple though the computation was, its result was perhaps 
the most wonderful demonstration hitherto achieved in the entire 
field of science. 

Now at last it was known that the force of gravitation operates 
at the distance of the moon, and holds that body in its elliptical 
orbit. It required but a slight effort of the imagination to assume 
that the force which operates through such a reach of space 
extends its influence yet more widely. 

That such is really the case was demonstrated presently through 
calculations as to the moons of Jupiter and by similar com- 
putations regarding the orbital motions of the various planets. 

All results harmonizing, Newton was justified in reaching the 
conclusion that gravitation is a universal property of matter. 

It remained, as we shall see, for nineteenth-century astrono- 



Plate VIII: Isaac Newton (1642-1727) 

(Crow-quill composite, costume chiefly based on the painting by Sir 
Godfrey Kneller, as reproduced in an engraving by Jacob Houbracken, 
and photogravured in Appleton’s Essays tn Astronomy) 
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mers to prove tliat the same force actually operates upon the 
stars, though it should be added that this demonstration merely 
fortified a belief that had already found full acceptance. 

Did the new theory, then, find immediate acceptance? Far 
from it. This was not the age of miracles. 

Opposition had of course been foreseen by Newton, and, much 
as he dreaded controversy, he was prepared to face it and combat 
it to the bitter end. He knew that his theory was right; it re- 
mained for him to convince the world of its truth. He knew that 
some of his contemporary philosophers would accept it at once; 
others would at first doubt, question, and dispute, but finally 
accept; while still others would doubt and dispute rmtil the end 
of their days. 

This had been the history of other great discoveries; and this 
will probably be the history of most great discoveries for all 
time. 

Delambre is authority for the following estimate of Newton 
by Lagrange. 

“The celebrated Lagrange,” he says, “who frequently asserted 
that Newton was the greatest genius that ever existed, used 
to add — ‘and the most fortunate, for we cannot find more them 
once a system of the world to establish.’ ” 

With pardonable exaggeration the admiring followers of the 
great generalizer pronounced this epitaph: 

“Nature and Nature’s laws lay hid in night; 

God said ‘Let Newton be!’ and all was light.” 

But these, he it understood, were not contemporary verdicts. 
Not for a moment must it be supposed that Newton’s confreres 
accepted his theory unanimously, nor that within a generation 
or two, his law found universal acceptance. 
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On the contrary, there was outcry against the doctrine of uni- 
versal gravitation as “atheistic,” notwithstanding the known 
piety of its author. To suggest that the forces of this corrupt 
abode of fallen man extend out to control the immaculate celestial 
spheres, smacked of sacrilege. 

In orthodox France, the famous Cassini (1626-1712), director 
of the Paris Observatory, never openly acknowledged the Coper- 
nican doctrine. The eminent mathematician Boscovich, exposit- 
ing the Newtonian thesis, felt it necessary or expedient to shield 
himself with these prefatory words: 

“As for me, full of respect for the Holy Scriptures and the 
decrees of the Holy Inquisition, I regard the earth as immovable. 
Nevertheless, for simplicity in explanation, I will argue as if 
the earth moves; for it is proved that of the two hypotheses the 
appearances favor this idea.” 

This was in the year 1751, more than two centuries after the 
death of Copernicus, and 65 years after the publication of the 
Principia. 

Yet later, in 1765, another famous French astronomer, La- 
lande, tried in vain at Rome to induce the authorities to remove 
Galileo’s works from the Index, Bossuet, the great Bishop of 
Meaux (d. 1704) decreed the idea of the earth’s motion to be 
contrary to Scripture some years after the work of Newton had 
been published. Many universities prohibited the study of the 
Newtonian system for yet another century. 

E pyr si muove? 

Perhaps. But mother earth’s inhabitants seem little disposed 
to imitate her example. 
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“The world also is established that it cannot 
be moved.” 

— Oriental Anthology. 

“The opinion of the earth’s motion is of all 
heresies the most abominable, the most perni- 
cious, the most scandalous; the immovability 
of the earth is thrice sacred; argument against 
the immortality of the soul, the existence of 
Gk)d, and the incarnation, should be tolerated 
sooner than an argument to prove that the 
earth moves.” 

— Father Melchior Inchofer, 

“E pur si muove/* 


— Galileo Galilei. 
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HUYGENS HEVELIUS ^ROEMER — ^WHAT BETTER 

TELESCOPES REVEALED 

T he astronomical world is peculiarly indebted to the man 
who invented the pendulum clock, Christian Huygens (1629- 
169s), of Hague, inventor, mathematician, mechanician, 
astronomer, and physicist. 

Huygens was the descendant of a noble and distinguished 
family, his father, Sir Constantine Huygens, being a well-known 
poet and diplomatist. Young Huygens began his career in the 
legal profession, completing his education in the juridical school 
at Breda. But his taste for mathematics soon led him to neglect 
his legal studies. 

He showed such enthusiasm, imagination, and mechcmical apti- 
tude that Descartes predicted great success for him at the very 
outset of his career. 

One of his first endeavors in science was to attempt an 
improvement of the telescope. 

Reflecting upon the process of making lenses then in vogue, 
young Huygens and his brother Constantine attempted a new 
method of grinding and polishing, and introduced a two-lens 
eye-piece (still called a Huygens ocular), that enlarges the field, 
and somewhat compensates chromatic aberration. 

With this new telescope a much clearer field of vision was 
obtained, so that Huygens was able to detect, among other things, 
a hitherto unknown satellite of Saturn. 
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It was these astronomical researches that led him to apply 
the pendulum to regulate the movements of clocks. The need 
for some more exact method of measuring time in his observa- 
tions of the stars was keenly felt by the young astronomer, and 
after several experiments along different lines, Huygens hit upon 
the use of a swinging weight; and in 1656 made his invention 
of the pendulum clock. 





Fig. 36.— Three Types of Eyepieces or Objectives. Top figure, the 
concave lens of Galileo’s telescope. Middle figure, Kepler’s convex 
eye-piece. Lower figure, the double plano-convex lens of the Huygens 
eye-piece. 

The year following, his clock was presented to the states- 
general. 

Accuracy as to time is absolutely essential in astronomy, but 
imtil the invention of Huygens’s dock there was no predse, nor 
even approximately predse, means of measuring short intervals. 

Huygens was one of the first to adapt the micrometer to the 
tdescope — a mechanical device on which all the nice determina- 
tion of minute distances depends. He also took up the contro- 
versy against Hooke as to the superiority of telescopic over plain 
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sights to quadrants, Hooke contending in favor of the plain. In 
this controversy, the subject of which attracted wide attention, 
Huygens was completely victorious. 

He pointed out that the unaided eye is unable to appreciate 
an angular space in the sky less than about thirty seconds. Even 



Fig. 37. — Christian Huygens (1629-1695). (Adapted from Bell’s The 
Tdescope. There the source is not credited.) 

in the best quadrant with a plain sight, therefore, the altitude 
must be uncertain by that quantity. If in place of the plain sight 
a telescope is substituted, even if it magnify only thirty times, 
it will enable the observer to fix the position to one second, with 
progressively increased accuracy as the magnifying power of the 
telescope is increased. 

In the field of optics, also, Huygens has added considerably to 
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science, and his work, Dioptrics, is said to have been a favorite 

book with Newton. 

During the later part of his life, however, Huygens again de- 
voted himself to inventing and constructing telescopes, grinding 
the lenses, and devising, if not actually making, the frame for 
holding them. 

These telescopes were of enormous lengths, three of his ob- 
ject-glasses, now in possession of the Royal Society, being of 
123, 180, and 210 feet focal length respectively. Such instru- 
ments, if constructed in the ordinary form of the long tube, were 
unmanageable, and to obviate this Huygens adopted the plan 
of dispensing with the tube altogether, mounting his lenses on 
long poles manipulated by machinery. 

Even these were unwieldy enough, but the difficulties of 
manipidation were fully compensated by the results obtained. 

In the construction of his telescope Galileo had made use of a 
convex and a concave lens; but shortly after this Kepler invented 
an instrument in which both the lenses used were convex. This 
telescope gave a much larger field of view than the Galilean 
telescope, but did not give as clear an image, and in consequence 
did not come into general use until the middle of the seventeenth 
century. 

The first powerful telescope of this type was made by Huygens 
and his brother. 

It was of twelve feet focal length, and enabled Huygens to 
discover a new satellite of Saturn, and to determine also the true 
character of Saturn’s ring. 

It was Huygens, together with Malvasia and Auzout, who first 
applied the micrometer to the telescope, although the first microm- 
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eter was devised by William Gascoigne, of Yorkshire, about 
1636. 

The micrometer as used in telescopes enables the observer to 
measure accurately small angular distances. Before the invention 
of the telescope such measurements were limited to the angle 
that could be distinguished by the naked eye, and were, of course, 
only approximately accurate. Even so famed an observer as 
Tycho Brahe was able to obtain results accurate only within 
about two minutes of arc. But by applying Gascoigne’s invention 
to the telescope far greater accuracy became at once possible. 

The principle of Gascoigne’s micrometer was that of two 
pointers lying parallel, and in this position pointing to zero. These 
were arranged so that the turning of a single screw separated 
or approximated them at will, and the angle thus formed could 
be determined with a high degree of accuracy. 

Huygens’ micrometer was a slip of metal of variable breadth 
inserted at the focus of the telescope. By observing at what 
point this exactly covered an object under examination, and 
knowing the focal length of the telescope and the width of the 
metal, he could then deduce the apparent angular breadth of 
the object. Huygens discovered also that an object placed in the 
common focus of the two lenses of a Kepler telescope appears 
distipct and clearly defined. 

The micrometers of Malvasia, and later of Auzout and Picard, 
are the development of this discovery. 

Malvasia’s micrometer, which he d^cribed in 1662, consisted 
of fine silver wires placed at right-angles at the focus of his 
telescope. 

As telescopes increased in power, however, it was found that 
even the finest wire, or silk filaments, were much too thick for 


Other 
Types of 
Microm- 
eters 



ipS GREAT ASTRONOMERS 

astronomical observations, as they obliterated the image, and so, 
finally the spider-web came into use and is still used in microm- 
eters and other similar instruments. 

Before that time, however, the fine crossed wires had revo- 
lutionized astronomical observations. 

“We may judge how great was the improvement which these 



Fig. 38. — ^Newton’s Model of a Reflecting Telescope. 

contrivances introduced into the art of observing,” says Whe- 
well, “by finding that Hevelius refused to adopt them because 
they would make all the old observations of no value. He had 
spent a laborious and active life in the exercise of the old 
methods, and could not bear to think that all the treasures which 
he had accumulated had lost their worth by the discovery of a 
new mine of richer ones.” 
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Until the time of Newton, all the telescopes in use were either 
of the Galilean or Keplerian type, that is, refractors. 

But about the year 1670 Newton constructed his first reflecting 
telescope, which was greatly superior to, although much smaller 
than, the telescopes then in use. He was led to this invention 
by his experiments with light and colors. 

^E^VT0N 
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Fig. 39 — Three Types of Reflecting Telescopes. The rays of light 
focussed by the large concave mirror are reflected to the eye-piece 
by small mirrors that are respectively concave (parabolic), plane, and 
convex (hyperbolic) in the successive types as depicted. 

In 1671 he presented to the Royal Society a second and some- 
what larger telescope; and this type of instrument was little 
improved upon until the introduction of the achromatic telescope, 
invented by Chester Moor Hall, in 1733. 

The Frenchman Cassegrain invented a reflecting telescope in- 
dependently of Newton at about the same time. But the reflectors 
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were not to come to full maturity, so to speak, for another 
century. 

As a matter of course, new discoveries followed the train of 
the improved instruments of observation. Huygens, for example, 
not only discovered a new satellite of Saturn, as above men- 
tioned, but was able to interpret the curious markings of this 
planet, which had so puzzled Galileo, Huygens explained that 
a solid ring surrounded the planet. 

He met skepticism by declaring that this was something that 
he had seen — ^not something invented, like the epicycles of the 
old astronomers. 

Soon after, the French astronomer Cassini discovered that 
there is a division in the ring of Saturn, making it double. The 
memoir of the Academic des Sciences, in announcing this dis- 
covery, has an aside to the effect that “in the heavens as well 
as on the earth, something new to observe always appears.” 

This was interesting, but an astronomical observation of far 
greater importance was made at about the same period by Olaus 
Roemer, Danish astronomer, working at the Paris Observatory. 

He had been struck by the irregularity of appearance of the 
first satellite of Jupiter, in emerging from the shadow of its 
parent body, or in entering the shadow when viewed from the 
other side. It occurred to him that here was a possible oppor- 
tunity to test the much mooted question as to whether light 
travels through the universe instantaneously. 

If the transit of light be not instantaneous, he reasoned, the 
rate of its speed might be tested by observing the occultation 
of the satellite from different regions of the earth’s orbit, assum- 
ing of course that the satellite itself revolves with perfect regu- 



E PUR SI MUOVE 


201 


larity — ^its observed and calculated time of revolution being about 
forty-two and one-half hours. 

The first tests were not successful. That is to say, they did 
not show the expected difference. But they were made at the 
interval of only a single revolution of the satellite; and there- 



Fig. 40. — ^To Illustrate Roemer’s Proof of the Finite Speed of Light. 

fore timed the transit of light only through the distance of less 
than two days’ flight of the earth itself. 

When, subsequently, the test was made again, with a longer 
interval of time, so that in effect the time of transit of light 
across the entire orbit of the earth was in question, a difference 
was observed, which Roemer estimated as twenty-two minutes. 

He correctly inferred that li^t had required an appreciable 
time to cross the orbit of the earth, though his measurement was 
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not precise. Later observations gave sixteen minutes and thirty- 
seven seconds as the time required by light to pass the distance 
of the earth’s orbital diameter. This gives about 186,000 miles 
per second as the speed of light — a. highly important “constant” 
for use of future observers. 

This major discovery immortalized the name of the Danish 
astronomer. We shall see that application of the principle led 
to other major discoveries almost immediately. 

In itself, the discovery evidenced once more that “something 
new is always appearing,” and supported from another angle 
the growing conviction that the entire heavenly mechanism is 
subject to “natural” laws. 


XV 

EDMUND HALLEY — UNMASKING THE COMET 

A nd now another youthful prodigy appears. Edmund Hal- 
. ley, son of a wealthy soap-manufacturer, sends a first paper 
to the Royal Society at the age of nineteen years. 

This was in the year 16 7^^ The young astronomer was elected a 
Fellow of the Royal Socie^at the age of twenty-two. 

Thereafter, throughout a long life, Halley was to be uni- 
versely known not only as a man of genius but as one of the most 
delightful personalities of his generation. On the death of Flam- 
steed he succeeded in 1721 to the position of Astronomer Royal, 
and although at that time in his sixties, he held the position 
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with honor, and continued active in astronomical work for twenty 
years. 

Throughout the middle period of his life, Halley was a marked 
man, even in the age of Newton. After Newton’s death, he was 
the foremost figure of the English astronomical world, only 
rivaled by his younger confrere, and subsequent successor as 
Astronomer Royal, James Bradley. 

Halley’s fame is adequately supported by his own discoveries, 
but he is known also with high honor for having been largely 
responsible for the publication of Newton’s epoch-making work, 
the expenses of which he bore. As friend of Newton and pro- 
tagonist of his theory, as Savilian Professor at Oxford, as Secre- 
tary of the Royal Society, and as Royal Astronomer, he proved 
ever3rwhere not only his genius but the innate high-mindedness 
and stability of character that are attributes of true greatness. 

In precocity of genius, Halley was comparable to Horrox 
before and Olbers after him. He derived his first fame at nine- 
teen or twenty by devising a new formula for calculating the 
orbits of planets. This was the paper that won him recognition 
from the Royal Society. 

The following year he went to St, Helena to study the southern 
sky. His observations were so varied and accurate, and his specu- 
lations so cogent, as to lead Flamsteed, then Astronomer Royal 
and a leading figure of the scientific world, to speak of the young 
astronomer as “the Tycho of the south.” 

In after times Halley was to be universally known as having 
predicted the exact time of the next transit of Venus, and having 
accomplished the even more striking feat of calculating the orbit 
of a comet, and predicting the time of its return. 

It was in the year 1716, in a paper presented before the Royal 
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Society, that Halley made the famous prediction as to the transit 
of Venus, to take place in the year 1761. 

The prediction was notable, not merely as illustrating accurate 
knowledge of the orbit of Venus, but in particular because of 
the astronomers’ speculations as to the probable value of ob- 
servations of the transit in determining the still doubtful question 
of the sun’s exact parallax, 

Halley was led to speculate on this subject, apparently, by his 
own observations of a transit of Mercury, made at St. Helena, 
forty years earlier. He reports that he was then able to note 
the precise second at which the planet came in contact with the 
sun’s limb, and also the precise second of exit. But he further 
reflects that, owing to the relatively slight difference between 
the distance of the sun and Mercury from the earth, observations 
of transit of Mercury would not be of great value for determining 
parallax. 

The location of Venus, on the other hand, its orbit being so 
much nearer the earth, would permit, Halley predicted, such 
observations as would enable the calculation of the sun’s parallax 
to be made with a high degree of accuracy. 

iNothing more would be necessary, he pointed out, than the 
use of good ordinary clocks, to determine the precise moment 
when the planet was observed to make contact with the sun’s 
limb, or exit from it. It would be necessary, of course, to have 
similar observations made by astronomers at different locations 
of the earth, for comparison of the times of contact. 

Halley forecast in detail what locations would be favorable for 
such observations, naming points in the tropics on one hand and 
in the arctic zone on the other. 

The principle involved will be clearly understood if you will 




Plate IX: Edmond Halley (1656-1742) 

(Penal, crayon and body-color interpretation and adaptation from the 
painting by Dahl in the possession of the Ro 5 "al Society of England, as 
reproduced by an unknown engraver, and half-toned in Williams’ 
History of Science) 
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think of two persons standing a few feet apart at one side of a 
room while any object is moved, say in the hand of a third 
person, across the middle of the room at right angles to the line 
of vision. The moment when the moving object lies directly in 
line with some mark on the opposite wall will be different for 
the two observers. 

An even simpler, and perhaps more str iking illustration of 



Fig. 41. — ^To Illustrate Halley’s Parallax Method. The observers at 
A and B see the planet touch the limb of the sun at different times and 
crossing the sun’s face in different solar latitu^. The base-line AB and 
the measured angles at A and B are the data for “triangulation” of 
the sun’s distance. 

the same thing is given if you will merely hold up a finger and, 
closing your right eye, bring the finger tip against some object 
at the far side of the room. Now dose your left eye and open 
the right one, and you will see at once that the finger point lies 
weU to the left of the focal object, and must be moved forward 
a certain distance to come in contact with it. When such contact 
is made, if you dose the right eye and open the left one, the 
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finger will seem to shift suddenly to the right by a corresponding 

distance. 

It will be obvious that the distance between the two observers 
in the first illustration, or between your two eyes in the second, 
will constitute a base line forming one side of a triangle, the 
other two sides being the respective lines-of-sight from the two 
positions to the object on the wall. If the angles between the two 
lines of sight and the base line are measured, it is a very simple 
problem in triangulation to determine the distance of the object 
on the wall from the base line. 

In making the transit-of-Venus observation, the radius of the 
earth is regarded as the base line. Observations may not be made 
by different persons at precisely the distance apart of the earth’s 
radius, but the known actual distance can readily be transformed 
by mathematical calculation to the equivalent of the radius. 

The angle thus determined — ^in effect the angle that the earth’s 
radius would subtend as viewed from the sun — ^is known as the 
sun’s parallax. 

Almost twenty years after Halley’s death, Venus made the 
transit of the sun as predicted, and many observers were waiting 
to test the method the great astronomer had recommended. The 
results were not quite as satisfying as Halley had confidently 
expected, it being found difficult to note the precise moment when 
the disk of the planet coincides with the not very sharply defined 
disk of the sun. Sdll more difficult to judge when the planet is 
exactly at the sun’s centre. 

The Sua’s Even so, the transit observations gave by far the best data for 
Distance calculating the sun’s distance theretofore available. 

Particular interest attaches to the statements made by Halley 
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at the time of his prediction (1715), as to the estimates then 
current regarding the sun’s distance. 

He mentions that Ptolemy, back in the old Greek days, and 
the relative moderns, Copernicus and Tycho, had accepted 1200 
semi-diameters of the earth as the sun’s distance — making the 
distance about 4,800,000 miles, and the Italian Riccioli doubled 
this distance. Hevelius, on the other hand, the great Danish 
observer, was disposed to cut the distance in half — ^bringing the 
sun within about 7,000,000 miles of the earth. 

It is stated by Halley, however, that “some modern,” observ- 
ing with the telescope that Venus and Mercury on the sun’s 
disk were proportionately smaller than had been supposed, have 
extended the distance greatly, bringing it up to about 56,000,000 
miles. 

Meantime the reflection that smaller distances would imply 
that Mercury is not so large as our moon — “a secondary planet 
larger than a primary one, which seems repugnant to the regular 
proportion and symmetry of the mundane system” — ^makes it 
seem possible that the distance is even greater. 

Halley’s own provisional estimate is about twelve and a half 
seconds, which would permit us to estimate the moon as a little 
less than Mercury. (The actual sizes, by modern measurement, 
are: Mercury, 3009 miles in diameter; the moon, 2160 miles.) 
The sun’s distance from the earth then comes out at 16,500 semi- 
diameters of the earth — or about 66,000,000 miles. 

This discussion, it will be noted, took place twenty-nine years 
after the publication of Newton’s Principia, and represented the 
estimate of the man who had been largely responsible for the 
publication of Newton’s work, and who certainly was as com- 
petent as any other person living to make such an estimate. 
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On the highest possible authority, then, we know that the 
largest figure hitherto named as the distance of the earth from 
the sun, was 66,000,000 miles — ^not much over two-thirds the 
actual distance (92,897,400 miles) as determined by several 
methods in subsequent years. 

It has been more than once explained that relative distances 
in the sun’s planetary system are known by Kepler’s laws, regard- 
less of actual distances. There are many reasons, however, why 
it is desirable to know the actual length of the sun-to-earth yard- 
stick, generally used as the unit of measurement. And it is 
rather surprising to learn that all distances in the solar system, 
except the distance of the moon, are about fifty percent greater 
than Newton and Halley and their confreres regarded them. 
The diameters of the planetary orbits had been magnified more 
than sixteen-fold since the time of Copernicus and Tycho. But 
even yet it was not possible to appraise the solar system at 
anything like its correct dimensional value. 

By the same token, the actual dimensions of the sun and 
of all the planetary bodies except the earth and moon, were 
correspondingly underestimated. 

No doubt Halley’s scientific contemporaries regarded his pre- 
diction of the future transit of Venus as a highly interesting 
exhibition of astronomical knowledge, but as falling weU within 
the province of one who had devoted much time to calculation 
of planetary orbits. 

But the calculation of the orbit of a comet, coupled with the 
prediction that this visitor would return forty-three years later — 
in 1758— was something of a quite different order. 

Of course, the comet did ultimately return, as the daring 
astronomer predicted, and was thus proved to be a member of 
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the planetary family — ^in future very properly to bear Halley’s 
name. But something promised for the year 1758 was hardly 
likely to hush the voice of skepticism of the year 1715* 

In any event, the feat of establishing a comet as a member 
of the sun’s family is justly accounted one of the most spectacu- 
lar accomplishments in the history of astronomy. It is difficult 
from this distance to realize adequately what such a pronounce- 
ment meant to the generation that heard it. 

It must be understood that from the earliest times comets had 
been regarded, not as natural celestial bodies, but as super- 
natural phenomena. This was not merely popular and theo- 
logical doctrine, but it was an estimate that only the most 
rationalistic of astronomers thought of challenging. 

Doubtless a greater number of people had been terrorized by 
the appearance of comets than by the aggregate hordes of all the 
barbarians that had swept across Europe throughout the ages. 

As a supernatural agent, the comet had credentials the most 
authentic. Says Andrew White: 

“The belief that every comet is a ball of fire flung from the 
right hand of an angry God to warn the grovelling dwellers of 
earth was received into the early Chmrch, transmitted through 
the Middle Ages to the Reformation period, and in its trans- 
mission was made all the more precious by supposed textual 
proofs from Scripture. The great fathers of the Church com- 
mitted themselves unreservedly to it” 

The names of Origen, Bede, St. Thomas Aquinas, and the 
sainted Albert the Great are cited, among others, as upholders 
of the doctrine that comets are “signs and wonders.” They 
founded their opinion, of course upon scriptural texts. 

There was even higher authority. The comet of 1456 ap- 
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peared at a time when the Turks were just making good their 
footing in Europe. The Pope of that period, Calixtus III, is 
said to have been so alarmed at the appearance of the celestial 
monster as to have “decreed several days of prayer for the 
averting of the wrath of God, that whatever calamity impended 
might be turned from the Christians and against the Turks.” 

“And that all might join daily in this petition, there was then 
established that midday Angelus which has ever since called 
good Catholics to prayer against the powers of evil. Then, too, 
was incorporated into a litany the plea, ‘From the Turk and the 
comet, good Lord, deliver us.’ ” 

That, to be sure, was long before the time of Halley, But the 
attitude of people in general and the Church in particular toward 
comets had not changed in the intervening period. 

The citation of the Pope’s comment is pertinent, because his 
particular comet was the same one which returned in 1682 — ^and 
was then largely responsible for arousing the interest in its 
species of the young man who was subsequently to prove it an 
impostor. 

At this time, so fully did the comet maintain its prestige, that 
we find Ralph Thoresby, a Fellow of the Royal Society, calling 
on the Lord in his diary, “to fit us for whatever changes it may 
portend; for, though I am not ignorant that such meteors pro- 
ceed from natural causes, yet are they frequently also the pres- 
ages of imminent calamities,” 

And this was the caution of the man of science. The con- 
temporary, Thomas Burnet, author of a famous “Sacred Theory 
of the Earth” (i68r), that commanded attention for a hundred 
years thereafter (the writer a Royal Chaplain and a Cabinet 
ofiScer), not only accepted in full the traditional status of the 
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comet as a fire-ball flung from the hand of God to menace man, 
but went a step farther, advancing the theory that comets are 
places of punishment for the damned — ^literal “fl5dng Hells.” 

This author, incidentally, was a strict contemporary of New- 
ton, who, to his death, rejected the Newtonian h3^othesis. His 
selection of the comet as the locus of the important region 
hitherto supposed to be placed at the center of the earth, was 
perhaps influenced by his theory that the center of the earth is 
in fact a mass of water, a portion of which had burst through 
the shell of the earth — theretofore perfectly smooth and devoid 
of oceans — to constitute the celebrated Noachian flood. 

He believed that existing mountains are fragments of the 
upheaved shell. And he argued not without plausibility that had 
there been seas prior to the flood, people would have learned to 
make boats to sail on them, and therefore would not have been 
destroyed so effectively by the Deluge. 

William Whiston, Professor at Cambridge, in his new “Theory 
of the Earth,” published ten years after the appearance of 
Newton’s Prmcipia, supplemented Burnet’s theory of e^lain- 
ing that the deluge itself had been due to the impact of a comet’s 
tail. 

Both these conceptions found high favor in Germany. Witness 
Johann Gottsched, most noted critic of his day, who in a volumi- 
nous introduction to a treatise of one of his contemporaries, pub- 
lished in 1742, upholds the idea that the agency of comets in the 
Creation, the Flood, and the final destruction of the world is 
fully proved. 

These are but incidental references to an inexhaustible litera- 
ture, ecclesiastical and supposedly scientific, in which the unique 
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How position of the comet as a messenger of Divine wrath is exposited 
in detail or accepted as a matter of common knowledge, 
lenged And now came Halley, with a paper in which he first treats 
the Comet Qj-yts pf comets as he would treat the orbits of any other 
planetary bodies, reaching a conclusion that in fact these orbits 
are not parabolic, as had been supposed, but are really elliptical, 
like the orbits of planets themselves, except that the ellipse is 
enormously elongated. 

His second conclusion is that the comet of 1682, familiar to 
the contemporary world, is in reality the same comet that had 
appeared in 1607, in 1531, in 1456, and in 1305. The same 
comet to which Pope Calixtus paid attention, and which had 
acquired baleful notoriety on the other occasions to give it 
permanent remembrance. 

This estimate was based in part on such records as were avail- 
able of the appearance and apparent orbit of the comet on two 
or three of the earlier occasions; partly on the fact that the 
interval between the dates noted is in each case seventy-five or 
seventy-six years or twice that — ^the presumption being that 
records of the a{4)earance of the year 1380 chanced not to have 
been preserved. 

All this considered, Halley thinks that he has identified these 
successive apparitions as one and the same comet. And there 
follows his famous prediction: 

“Hence I think I may venture to foretell, that it will return 
again in the year 1758. And, if it should then so return, we 
shall have no reason to doubt but the rest may return also: 
Therefore, Astronomers have a large field wherein to exercise 
themselves for many ages, before they will be able to know the 
number of these many and great bodies revolving about the 
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common Center of tte Sun, and to reduce their Motions to 
certain Rules.” 

That prophecy marked the beginning of the end of the pres- 
tige of the comet as a fire-ball of Divine wrath. But of course 
the actual force of the argument was not felt until the prophecy 
was verified on Christmas day of the year 1758 — sixteen years 
after the death of the prognosticator. 

Halley’s chief fame as unmasker of comets was therefore New 
posthumous. But his astronomical activities in other fields gave 
him the widest possible fame among his scientific comtempora- 
ries, following up the early reputation gained by his mathematical 
calculations and his journeys to southern seas to test the varia- 
tions of the compass. 

The forward-looking quality of Halley’s mind was shown, not 
only in his attitude toward the Newtonian hypothesis, but in his 
receptiveness to new ideas in general. Naturally he had the 
keenest interest in the new and improved astronomical instru- 
ments for which the epoch is distinguished. 

A characteristic anecdote is told of his investigation of the 
question whether telescopic sights, recently introduced, were 
superior to the plain sights hitherto used by astronomers. It 
appeared that Johannes Hevelius, of Dantzic, reputed to be 
the most keen-eyed star-gazer of his generation (he gained fame 
by accurate description of the markings on the moon), declined 
to use the new sights. 

Halley visited the veteran astronomer, in order that he might 
satisfy himself, by comparative observations, as to the relative 
merits of the old and new styles of sights. 

Side by side, Hevelius and Halley made their observations, 
one with the old equipment, the other with the new. The results 
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showed slightly in the younger man’s favor — but only slightly, 
for the skill and dexterity of the aged Hevelius almost compen- 
sated for the defects of the old method, to which he continued 
to cling to the time of his death in 1687. 

Needless to say, all instrumental improvements were utilized 
by Halley in his own series of observations. 



Fig. 42.— Johannes Hevelius (1611-1687),. (Adapted from Bell’s 
The Telescope. Original source not stated.) 

One result of the greater accuracy of observation made pos- 
sible with improved telescope sights and micrometers was Hal- 
ley’s highly important discovery that at least three prominent 
stars appeared to have shifted their relative positions, in relation 
to neighboring stars, in the course of centuries, as tested by 
comparative study of ancient star-charts. 

After making allowance for possible, even probable, inaccuracy 
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of observation of the early astronomers, Halley was satisfied that 
the seeming shift of position of the three stars was not thus to be 
accounted for. 

He believed that what he observed was an actual or “proper” 
motion of the stars themselves. 

The inference was valid, and the discovery of proper motion, 
announced in 1717, gave Halley secure position among the 
world’s greatest observing astronomers. 

The import of the discovery can with difficulty be realized 
today, when it is familiarly known that all stars are in motion. 
In the modem view, stasis would be the inexplicable anomaly. 
But up to the time when Halley made the observations that 
detected stellar movement, there had been no valid ground for 
suspicion that any star changes its relative position in the 
heavens. 

The old Oriental description of the heavens as a solid firma- 
ment, “strong and as a molten mirror,” supporting the upper 
waters, “that be above the heavens,” may have been mentally 
challenged by some astronomers, but there was no shred of 
evidence to support their skepticism. 

The entire sphere of the stars of comrse shifts slowly year by 
year, this uniform movement causing the precession of the 
equinoxes that Hipparchus discovered back in the old Greek 
days. But such a rotation is quite consistent with the conception 
of the entire sphere as a solid in which the stars are imbedded 
immovably. 

Now that individual stars were seen to change their position 
among their fellows, this conception would be no longer tenable. 

Here, then, was yet another new thing in the heavens — a new 
thing in that remote sphere of the firmament which, according to 
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the Oriental tradition as recorded in Genesis, was a more primor- 
dial structure than the earth and sun and planets. 

That the stars which, apparently almost as an afterthought 
(“He made the stars also.”), had been created and imbedded 
in the firmament, rather as ornaments than for any specified 
purpose unless it were to delict the eyes of man, should prove 
capable of leaving their heavenly matrix or shifting about in it, 
seemed astonishing almost beyond belief. 

Would the impious telescopes of the astronomers leave nothing 
of the sacred celestial mechanism unchanged? 

The answer ultimately to be given was that they would leave 
nothing. 

The best that could be hoped for was that the champions of 
the ancient order might find consolation in recalling old Isaiah’s 
prophecy that the heavens should “vanish away like smoke.” 

Not that the infinitesimal movement of three stars can be 
taken as a long step toward vanishment of the myriads now 
revealed by the telescope. But the possibility of movement of 
even a single member of the “eternal company” of the heavens 
mmt be considered an amazing and even terrifying portent. 
Halley the Halley died as he could have wished, painlessly, sitting at his 
i^tionai- jjj observatory. He was in his eighty-sixth year. 

Perhaps no man of great activity ever stimulated his genera- 
tion to more unanimous praise of his qualities of heart and 
mind. During a long life of almost unprecedented scientific and 
literary activity, he never became involved in a single controversy 
— ^in itself a record almost without example. 

Says a biographer: 

“He was rendered socially attractive by the unfailing gayety 
which embeUished the more recondite qualities of a mind of 
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extraordinary penetration, compass, and power. He was dis- 
interested and upright, and wholly free from rancor or jealousy.” 

Another biographer, speaking with equal enthusiasm of the 
great astronomer’s “ardent and glowing temper — ^generous and 
friendly disposition, and great candor,” adds: 

“That he was with all his learning and amiable qualities an 
infidel in religious matters seems as generally allowed as it 
appears unaccountable.” 

Times change. Today it does not seem “unaccountable” that 
a man of intelligence should be a rationalist. But we learn with- 
out surprise that the greatest astronomer and one of the greatest 
scholars of his day was barred from the Savilian Professorship in 
Oxford in 1698 because of his skeptical attitude of mind toward 
Oriental traditions the acceptance of which by persons other- 
wise intelligent would seem “unaccountable” did we not know 
the power of tradition to befuddle the judgment. 

Perhaps it is more significant that a few years later the Oxford 
position was open to Halley — though his attitude had, not 
changed. 

This suggests that the leaven of the Copemican and Newtonian 
conceptions was really working, even in the strongholds of con- 
servatism. 

But, indeed, it is quite impossible that the unending series of (^posi- 
new astronomical discoveries, all tending to support the Coper- 
nican doctrine and to evidence the illusory character of the Weaken 
Oriental conceptions, should fail to have some effect upon the 
s till overwhelmingly dominant forces of the champions of the 
Oriental cosmology. 

After all, little as their actions suggest it, the ecclesiastical 
authorities are not always deliberately and wilfully oblivious of 
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logical interpretation of the observed phenomena of nature. It 
is only that their preconceptions make them incapable of seeing 
the truth until it has been thrust before them again and again. 

Then they begin to rub their eyes. 

So we find that in the early i8th century evidences begin to 
be apparent of solicitude in the minds of some of the leaders as 
to whether there may not after all be a possibility — ^just a bare 
possibility — ^that the astronomers who have been bombarding the 
world for the past two centuries or so with new facts and theories 
born of their observations, may have discovered something of 
not altogether negligible importance. 

Nothing that could by any possibility invalidate the slightest 
essential of the assured truth transmitted from Oriental antiquity 
of course. But conceivably something calling for interpretation. 

In a word, it would appear that the solicitude of the more pro- 
gressive thousandth of the ecclesiastical world was at least mildly 
aroused by the series of discoveries, all telling for the Coper- 
nican thesis. 

A few were beginning to rub their eyes. 

The calling of Halley to the Savilian professorship at Oxford, 
from which he had previously been barred, is an example. Here 
is another; 

In 1722, five years before Newton’s death, and while Halley 
was still in full activity, a sixth edition appeared of Thomas 
Burnet’s famous work about the egg-shell earth that had been 
smashed by God’s own hand to make the deluge when the 
actions of fallen man became intolerable to man’s Creator. The 
work had a preface which made a remarkable concession. 
Thomas Burnet himself had died a few years before. We may 
infer, therefore, that the preface was written by someone of 
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the younger generation who, after the manner of members of 
yoimger generations, was disposed to look askance at the opin- 
ions of his elders. 

At all events, this document comments on the oft-cited error 
of St. Augustine in opposing the round earth and the doctrine of 
the Antipodes. The great post-Nicene Father had vigorously 
denied the possibility that there could be inhabitants of the 
other side of the world, even if it were round, because the 
Apostles were recorded as having carried the Christian doctrine 
to all the peoples of the earth — ^and no Antipodeans were recorded 
to be among them. 

Yet Columbus and Magellan, it was pointed out, had found 
Antipodeans actually living on the other side of the globe — 
flesh and blood hiunan beings, not to be reasoned out of existence 
by even orthodox sophistry. 

And so, says this annotator of the famous sacred theory of 
the earth, writing in the year 1722, not yet two centuries after 
the death of Copernicus: 

“If within a few years or in the next generation it should Theory 
prove as certain and demonstrable that the earth is moved, as Dgmon- 
it is now that there are antipodes, those that have been zealous stration 
against it, and engaged the Scripture in the controversy, would 
have the same reason to repent of their forwardness that St. 
Augustine would now, if he were still alive.” 

This after all is but a paraphrase of words pronounced a 
century earlier by that most astute of Jesuit Cardinals, Father 
Bellarmin: 

“I say that if a real proof be found that the sun is fixed and 
does not revolve around the earth, but the earth around the sun, 
then it will be necessary very carefully to proceed to the explana- 



220 


GREAT ASTRONOMERS 


Authority 

Versus 

“Demon- 

stration” 


tion of the passages of scripture which appear to be contrary, 
and we shall rather say that we have misunderstood these than 
pronounce that to be false which is Demonstrated.” 

It was Father Bellarmin, it may be recalled, who pronounced 
judgment against Galileo when he was first called before the 
authorities of the Inquisition— albeit there was nothing to sug- 
gest eye-rubbing in the condemnatory verdict he then hurled at 
the heretic. 

The great Cardinal, counted the foremost theologian of his 
age, is credited with being “earnest, sincere, and learned.” Noth- 
ing speaks louder for his sagacity than the sentence just quoted. 

In common with his associates, he was doubtless altogether 
sincere in believing that the “pretended discoveries” of Coperni- 
cus and Galileo “vitiate the whole Christian plan of salvation,” 
“cast suspicion on the doctrine of the incarnation,” and “upset 
the whole basis of theology.” 

Doubtless he was fully in accord with the estimate of another 
contemporary who thus referred to the Copernican doctrine: 

“If the earth is a planet, and only one among several planets, 
it cannot be that any such great things have been done specially 
for it as the Christian doctrine teaches. If there are other planets, 
since God makes nothing in vain, they must be inhabited; but 
how can their inhabitants be descended from Adam? How can 
they trace back their origin to Noah’s ark? How can they have 
been redeemed by the Saviour?” 

Obviously there can be but one answer to these questions, 
if the Copernican doctrine is true. 

The answer implied, equally of course, is that the Copernican 
doctrine is not true. 
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Yet apparently the astute mind of the Cardinal could not 
altogether avoid a suspicion that the new doctrine might be 
true. And, good churchman though he was, he realized that even 
Oriental tradition (or as he would have phrased it, the word of 
God Himself) must be re-interpreted if found to conflict with 
an astronomical Demonstration that the earth and not the sun 
revolves. 

Not for a moment would he concede that this had been demon- 
strated by Copernicus and Galileo. Nor can the modem critic 
gainsay this verdict. The revolution of the earth had not been 
demonstrated by Copernicus or Galileo. It was not demonstrated 
by Kepler, nor by Newton, nor by Halley. 

But now there came a man who, six years after the appear- 
ance of Thomas Burnet’s book of the equivocal preface, and 
one year after the death of Newton, was to furnish the long- 
awaited demonstration. 

It was well for the peace of mind of Cardinal Bellarmin that 
he did not live to see that day. As for Bellarmin’s successors, it 
was well for their peace of mind that for the most part they 
were heritors of the prejudice from which he was not free, and 
not of the earnestness, sincerity, and sagacity that gave him 
premonitory warning of the cogency emd import of the new 
astronomical observations. 

That we may get the full force of the story of the demonstra- 
tion of the earth’s revolution to be told in the ensuing chapter, 
let us put ourselves in the attitude of mind of the masses of 
mankind in Christendom at the time when this demonstration 
was made, by reflecting a moment on a pronoimcement of one 
of Cardinal Bellarmin’s contemporaries and feUow-Jesuits, 
Father Melchior Inchofer: 
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“The opinion of the earth’s motion is of all heresies the most 
abominable, the most pernicious, the most scandalous. The 
immovability of the earth is thrice sacred; argument against 
the immortality of the soul, the existence of God, and the incar- 
nation, should be tolerated sooner than an argument to prove that 
the earth moves.” 

Well and good. 

But the man whose achievement is now to claim our attention 
did not come forward with an argument. He merely turned his 
eyes thou^tfully up to the starry firmament and reported what 
he saw. 

He never dreamed that he should see there what he did see. 
Nor had he at first the slightest notion how to interpret the 
celestial vision. 


XVI 

JAMES BRADLEY — THE STARS NOD THEIR VERDICT 

B ehold, then, a young amateur in astronomy, a clergyman 
by profession, going down on a certain memorable day 
into a cellar, and there seeing wonders of the firmament that no 
eye had ever seen before, nor any brain conceived. 

The young man’s name is James Bradley. The phrase “aber- 
ration of light,” to be associated with his name throughout the 
future, is a phrase hitherto unknown, applied to a phenomenon 
hitherto unsuspected. The word “nutation,” also associated with 
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the name of Bradley, is equally novd in its application to any 
astronomical phenomenon. 

It is a rare experience for an amateur in science to have his 
name thus linked with celestial processes. 

To be sure the young ecclesiastic, when he had ceased to be 
so young, was made Astronomer Royal of England, in succes- 
sion to the immortal Halley. But the work that gave him distinc- 
tion was performed while he was still an amateur. 

It was in the year 1725 that this born star-gazer went from 
time to time into a cellar, looked up a chimney, and discovered 
that the world moves. 

That sentence obviously needs expansion. Let me make clear 
the essentials of the story of which it is the summary. 

At the outset, it will be understood of course that the chimney 
up which the young would-be astronomer directed his gaze, had 
a telescopic lens at its top and an objective at its bottom. In 
other words, the chinmey supported the tube of a telescope. It 
was a relatively immobile telescope, adapted only for bringing 
light from a spot in the heavens very near the zenith. 

For that purpose, However, the chimney answered very well. A strange 
For it chanced that the object of the young astronomer— who 
had at first a joint worker in a friend, Molyneux by name, and 
incidentally the owner of the house— was to observe a particular 
star which was known to pass the meridian almost exactly at 
the zenith. 

The intention was to discover whether or not this star changed 
its position in the heavens, as compared with neighboring stars, 
if viewed at different seasons — say at a six-months’ interval, 
when the earth, if it actually pursues an orbit about the sun, 
will be at opposite sides of that orbit. 
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In a word, the object of the young star-gazers was to discover 
whether the star in question— a fairly bright star in the head of 
the constellation Draco — ^would reveal a measure of parallax. 

The parallax of a star is an elusive something for which many 
astronomers before the time of Bradley had vainly sought. 

There is much involved in the quest, for if it could be shown 
that stars have parallax, a practical demonstration would be 
given that the earth changes its position between one season 
and another, and therefore may confidently be believed to be 
circling in a wide orbit about the sun, in accordance with the 
Copernican doctrine. 

If, on the other hand, stars have no parallax, how can we 
believe that the earth does make such a journey? For is it con- 
ceivable that any star could be so distant that a base line many 
millions of miles in length — ^the diameter of the earth’s orbit — 
could fail to show any difference of angle in the line of sight of 
a star as viewed from its two ends? 

Now the truth is that the stars are inconceivably distant, and 
only a few of them, even with the refined methods of our later 
time, show any parallax that can be measured. 

Therefore it is not strange that all the astronomers who had 
made the search had failed. 

But obviously this put weapons into the hands of the opponents 
of the Copernican system — the “Anti-Copernicans” as Bradley 
names them in a paper in which he describes his own discovery. 

Incidentally, the fact that he does make such a reference gives 
added evidence (were such needed) that in 1725, when the 
chimney search was made, there were still active opponents of 
the heliocentric doctrine, already nearly two centuries old, 
abroad in the land. 
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But now for the odd denouement of the young clergyman’s 
quest. 

He did, indeed, find that the star (known as Gamma Draconis) 
shifted its position in the course of time. But the shift was not 
the kind of shift that was looked for. 

If a star were to show parallax, its shift would naturally be 
in the direction of the axis of the earth’s ellipse of rotation. 
Gamma Draconis, as viewed through the chimney, shifted in the 
direction of the earth’s flight — ^tangentially to the orbit instead 
of transversely. 

What coidd this mean? Neither young Bradley himself nor 
anyone else had the slightest notion. 

It was an anomaly that required further investigation. 

No greater surprise, probably, was ever sprung on a watcher 
of the stars than that which greeted the eyes of the young 
ecclesiastic and his associate when near midday of December 
17th, 1725, it was discovered that their focal star had passed 
a little more southerly in the sky this day than it had previously 
been observed to cross. 

To be quite accurate, it should be said that the surprise came 
three days later, when the star was again tested, and found to 
pass still further to the south. For now the observers were 
certain that they were witnessing an actual phenomenon — 
instead of making a mistaken observation, as they had at first 
feared. 

Further observations in succeeding months confirmed this 
belief. 

And the belief became a certainty when by the middle of April 
the star appeared to be returning again towards the mark, until 
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finally about the beginning of June it passed at the same distance 

from the zenith as in December, when first observed. 

Otlier The next step was to build a new observatory, at Bradley’s 
own home, in order that other stars might be observed, 
of tte Needless to say, the new telescope was not placed in a chim- 
ney, and therefore had greater flexibility of action. Not less 
than twelve bright stars were fixed on that could be observed 
throughout the year— stars bright enough to be seen telescopically 
in the daytime, when nearest the sun. 

New developments followed that need not be rehearsed. But 
the upshot was that the original observation was confirmed. 

It was found that all stars observed under certain conditions 
performed the same curious oscillations, backward and forward, 
that had been first revealed by the anomalous action of Gamma 
Draconis. Stars near the pole describe a circle; those in middle 
latitude, an ellipse; those near the ecliptic shift back and forth 
in a right line. The amount of radial displacement is everywhere 
the same — about 20 seconds of arc. 

At first the young astronomer thought that this shifting of 
the stars might be due to a nutation, or nodding, of the earth’s 
axis. 

He presently convinced himself that this could not be the 
correct explanation. He next surmised an alteration in the 
direction of the plumb-line, with which the line of sight of the 
telescope was constantly rectified. But this upon trial proved 
insufficient. 

Then refraction was taken into account. But here also nothing 
explanatory could be detected. Near the zenith, refraction is 
negligible, and for other stars movement remained after all due 
allowance was made for the atmospheric effect. 
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And then, in the strangest way, came the revelation as to the 
true explanation of the fantastic phenomenon. 

It came about in this wise. The young clergyman had gone A Sailboat 
for a sail on the Thames, and as the boat shifted position, he ^ 
noted that the little flag that served as wind-gauge altered its 
position from time to time, obviously not indicating correctly 
the direction of the wind. 

He called the attention of one of the sailors to this anomaly, 
and was told that what he observed was due to the fact that the 
flag showed, not the direction of the wind merely, but the com- 
bined influence of the wind and the motion of the sailing vessel 
itself. 

Further observation convinced young Bradley that this ex- 
planation was quite valid. 

That set him thinking. 

Presently another and more familiar experience came to his 
attention. If, when the rain is falling straight down, you walk 
forward rapidly carrying an umbrella directly above your head, 
the rain strikes aslant under the umbrella against your body or 
into your face. 

To shield yourself you must hold the umbrella forward- 
more acutely forward in proportion to the speed of your own 
movement. 

Here, then, was another illustraticai of a moving something 
coming against another moving something, with apparently 
altered direction of impact. 

Then came the application. Light is a something which moves The 
through space at less than infinite speed. Roemer had proved 
that in the preceding century, though his evidence had not been Aberra- 
generally accepted. The earth is a something which moves 
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through space at great speed — ^if the Copernican doctrine 

is true. 

Why is not the case of light and the earth strictly comparable 
to that of the wind and the ship or of the rain and the umbrella? 

To Bradley it seemed that the cases were strictly comparable. 

He had found the solution of his problem and incidentally 
had proved that Copernicus and Roemer were right. The strange 
shift of position of the stars, first in one direction and then in 
the other, was due to the progressive motion of light and the 
earth’s annual motion in its orbit. 

“For I perceived that, if light was propagated in time, the 
apparent place of a fixed object would not be the same when 
the eye is at rest, as when it is moving in any other direction 
than that of the line passing through the eye and object; and 
that when the eye is moving in different direction the apparent 
place of the object would be different.” 

That was the true answer; and the phenomenon passed into 
history as the aberration of light — ^a major discovery made by a 
young astronomical amateur at the outset of his career, 

A long life of astronomical research was to follow in the 
course of which Bradley not only made one other fundamental 
discovery, but piled up an enormous number of observations as 
to the exact positions of stars, which were to be of inestimable 
service to later generations of astronomers. 

Eighteen The discovery of nutation, that is to say, of the earth’s nod- 
Prow ^ motion was in a sense a sequel to the aberration observation. 
Nutation Nutation is an infinitesimal wabble which the earth’s axis 
makes, to give a wavering effect to the vast circling sweep that 
carries the axis full circle in about twenty-six thousand years. 

This minor wabble is due to the moon’s action on the earth’s 
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protuberant equatorial region. It constitutes a little wavy curve, 
of 1400 indentations in the entire circumference, or one inden- 
tation for each period of something less than 19 years. 

As the earth nods, of course, the stars seem to shift their 
positions. The shift is infinitesimal, yet appreciable to the eye 
of so keen an observer as the discoverer of aberration. As the 
earth recovers from its nod, the stars naturally shift back to 
their original positions. 

The observer must wait more than eighteen years to make 
sure of this return — ^that his theory may be adequatdy tested. 

Bradley did wait eighteen years before he made the announce- 
ments of his discovery. 

Before the end of the year 1728 he had records of a hundred 
observations on a single star, and could speak of “the equation 
for the nutation.” 

But the letter on which he announced his discovery bore date 
of December 31st, 1747. 

Such is the scientific caution which, coupled with pertinacity 
of effort, leads to valid discovery. 

In the letter that announces the discovery, Bradley makes 
further discussion of the possible motions of the stars. 

He suggests a method for discovery of the cause of the 
apparent change in the obliquity of the ecliptic, if the mean 
obliquity be found to diminish gradually. He makes the further 
suggestion that if dependence can be placed on the observations 
of earlier astronomers, there appears to have been a real change 
in the position of some of the fixed stars with respect to each 
other — a change that seems independent of any motion in our 
own system, and can only be referred to some motion in the 
stars themselves. 


Furtiier 
Studies of 
Proper 
Motion 



230 GREAT ASTRONOMERS 

He cites Arcturus as affording strong proof of this. 

He has found that the present declination of that star is 
more divergent from its place as determined either by Tycho or 
Flamsteed than can be suspected to arise from the imcertainty 
of their observations. 

About 30 years earlier, Halley (as we have seen) had made 
observation of the shifted positions of certain of the stars, as 
determined by comparison with the records of Zimocharis and 
AristyUuSj near 300 B. C., and by Hipparchus about 170 years 
after them; that is about 130 B. C. He had concluded that the 
fixed stars in 1800 years will advance somewhat more than 25 
degrees in longitude, or that the precession is somewhat more 
than so seconds per annum. But to his great surprise he foimd 
that the latitude of three of the principal stars in the heavens 
directly contradicted the supposed greater obliquity of the 
ecliptic, which seemed confirmed by the latitudes of most of 
the rest. 

He had spoken then of the particular motions of these stars. 

Now Halley’s successor as Astronomer Royal confirmed the 
observation of his great predecessor. 

As to both series of observations, their authors spoke with 
reserve, because of the uncertainty as to the degree of error 
that must attach to observations made in the pre-tdescopic 
da}^. Yet both men were firmly convinced that actual shifts of 
positions of some of the brighter, and therefore presumably 
nearer, stars had been observed. 

So now it might be said to be fairly established that the 
“fixed” stars have actual motion. 

Interpretation of the meaning of the observed shift of a few 
fixed stars was reserved for another amateur observer, this time 
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a musician, who was already in the world, though not yet of an 
age to think about telescopes in the year 1747, when Bradley’s 
letter was written. 

I refer, of course, to Frederick William Herschel, about whom 
we shall hear much more in due course. 

Meantime in leaving the yoimg clerical who became Astrono- 
mer Ro}^ — attaining a place, in the words of Delambre “among 
the most distinguished after Hipparchus and Kepler, and above 
the greatest astronomers of all the ages and all coimtries” — ^let 
us revert for a moment to the discovery of aberration, and its 
meaning for the cosmologist. 

Taken together with the allied discovery of nutation, the wiat 
amazing observation of the shift of the stars through aberration 
constitutes the first really demonstrative proof of the actuality Proves 
of that orbital motion of the earth about the sun which is the 
prime essential of the Copernican doctrine. 

Here is a phenomenon, involving all visible stars, which is 
simply and convincingly explained on the supposition that the 
earth is moving swiftly through space; but which becomes utterly 
fantastic and inexplicable if we assume that the earth is 
stationary. 

It was a demonstration, to be sure, the force of which could 
be fully realized only by astronomers. But it could leave no 
doubt in the mind of any competent star-gazer. And so soon 
as the phenomena of aberration and nutation were accepted as 
actualities, there could be no further question by any one compe- 
tent to weigh astronomical evidence that the Copernican scheme 
of the solar system is also an actuality. 

It would have been a strangely gifted astrologer that could 
have forecast such a sequel for the act of the young clergyman 
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who once on a time went into a cellar and scanned the sky 
through a chimney. 

It will be recalled that Bradley’s first observation of a star 
was made with the design to discover whether the star 
showed “parallax.” 

But Bradley, as we know, did not determine the parallax of 
his star. With the instrumental aid then available, it was quite 
impossible that he should have determined it. The star-movement 
that he did observe, which led to his wonderful discovery of the 
aberration of light, was backward and forward oscillation across 
an arc of about forty seconds — ^and this, as was found out later, 
is more than 50 times the parallax of any star. 

Bradley’s great genius was diown, not so much in observing 
the movement of the star, on the relatively large scale of aberra- 
tion, but in first noting that other stars partake of the same 
motion, and then finding a valid explanation for the phenomenon. 

Bradley reported, however, that he felt very confident that 
his instruments would have revealed to him a parallactic shift 
of one second of arc, had it existed, in the case of any one of 
the great number of stars that he ultimately charted with 
meticulous accuracy. 

He even felt rather confident that he should have noted a 
parallactic shift of half a second of arc. 

Therefore he felt certain, and so stated, that no star of aU 
those that he charted can be less distant from us than 400,000 
times the distance of the sun. 

That means, if you state it in words, more than thirty-six 
trillion miles. In figures 36,800,000,000,000 miles. 

It appears, then, that the negative results of Bradley’s star- 
tests were hardly less interesting than the positive result. The 
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measurements whicii directly proved the motions of the earth 
indirectly proved the quite inconceivable remoteness of the stars. 

The sxui’s distance is almost inconceivably great. No one can 
clearly grasp the idea of 92,000,000 miles. But one can realize 
that the eight figures thus placed in a row represent a very great 
distance indeed. 

And when we are told that, using this distance as a unit yard- 
stick, and applying 400,000 such yard-sticks, we do not reach the 
nearest star — ^well, at least imagination gets a fillip. 

Common sense tells one that a body which shines at a bright 
light at such a distance must be enormously big and bright; 
and that a vast galaxy of such bodies at such a distance does 
not swing full circle in twenty-four hours, with the earth or 
anything else for the center of revolution. 

Whatever way you look at James Bradley^s star-measurements, 
then, you get the same answer. The earth revolves round the 
sun, and spins on its own axis. The stars do not revolve about 
either earth or sun. 

And the bewildering thought presents itself that bodies which 
shine so brightly when more than 400,000 times the sun’s dis- 
tance, might prove to be comparable to the sun itself in size and 
intrinsic brightness, if you could get nearer them. 

Could it be, then, that the stars of the firmament — ^those 
minute twinkling lights which, according to the authoritative 
record, were created casually, as it were by afterthought, to 
enjewel the firmament — are in reality suns, comparable to 
the sun? 

A staggering thought. 

Absolutely alien, no doubt, to the average mind at the middle 
of the 1 8th century. Yet a thought that proved highly stimulative 
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to an exceptional mind here and there among the contemporaries 
of the discoverer of Aberration — as we shall see presently. 

Bradley died in 1762 — ^thirty-seven years after his demonstra- 
tion that the world does move. 

Contemporary judgment epitaphed him as: “Humane, benevo- 
lent, and kind; a dutiful son, an indulgent husband, a tender 
father, a steadfast friend.” 

The fullness of his scientific accomplishment was matched by 
the modesty, generosity, and blamelessness of his private life. 

A great astronomer, and a great man. 

Rfttro- And now one might suppose the Copernican theory to be at last 
^tand gjmiy established. 

Copernicus had died in 1343. At the time of Bradley’s death, 
219 years had elapsed. Not imtil the year 1946 shall we of the 
modern world be as far removed from the date of Newton’s 
death as the world then was from the death of the originator of 
the heliocentric doctrine, — ^the discoverer of the truth that the 
sun is the center of our planetary system. 

Surely two centuries must have accomplished something for 
the advancement of astronomical truth. 

But let us try to gain a correct historical perspective. 

It was three years after Bradley’s death, and a full half-cen- 
tury after the demonstration that the world moves, that the 
French astronomer Lalande made the unsuccessful effort at 
Rome to have the work of Galileo removed from the Index. 

Galileo by now was a century and a quarter dead, and his 
fame had spread throughout the scientific world. Already he 
ranked among the immortals, to be known throughout the future 
as the greatest man of science that Italy ever produced. But his 
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name was stUl anathema among the authoritative upholders of 
the old astronomical traditions. 

Not yet by any means was the great Italian’s “E pur si muove” 
heard or heeded in the land of his birth. 

And at the north of the Alps, in the native lands of Luther 
and Calvin, affairs were not far different. 

Luther and Calvin themselves, of course, together with Melanc- 
thon and Zwingli and John Knox and other leaders of their 
period had been as firm upholders of the Oriental cosmology as 
the Italian authorities against whom they had rebelled. 

Their successors had not changed. 

John Wesley in England, the founder of Methodism, was a 
yoimger contemporary of Bradley. He lived till 1791, earnestly 
charging that the new astronomical doctrines “tend toward infi- 
delity,” and incidentally speaking more pregnant words than he 
knew when he declared that “unless witchcraft is true, nothing 
in the Bible is true,” and that “the giving up of witchcraft is in 
effect the giving up of the Bible.” 

Out of the mouths of babes I 

Of the same period and mind was John Hutchinson, professor 
at Cambridge, whose work in which the Newtonian theory was 
denormced as “atheistic” had wide currency, along with similar 
verdicts of Samuel Pike, Bishop Horseley and President Forbes. 

The followers of Dr. John Owen, the Puritan, had by no means 
receded from his declaration that the Copemican system is “a 
delusive and arbitrary h5^othesis, contrary to Scripture.” 

And in France, nine years before the death of Bradley the 
Court Physician Jean Astruc set the world agog by discovering, 
after years of learned investigation (what any unhampered boy 
of eight can discover for himself in five minutes) that two 
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accounts, mutually contradictory, of the origin of the cosmos are 
given in the first two chapters of the Oriental anthology which 
was the basis of all the opposition to the acceptance of the 
Copemican system. 

It was something, to be sure, that this physician, himself a 
devout orthodox Catholic, should discover and reveal a discrep- 
ancy which, though clear as day, had apparently escaped detec- 
tion of all generations of his predecessors. But we must 
understand that the innovator, though known in after time as 
the first exponent of the “higher criticism,” was in his own day 
sneered at by theologians of all creeds as “a Doctor of Medicine 
who had blundered beyond his province,” and “bitterly de- 
nounced as a heretic” throughout Europe. 

Yet Astruc himself had not for a moment meant to challenge 
the old cosmology. 

He had only desired to reassert the authorship of Moses 
against the argument of Spinoza. 

In denouncing the impiety of the physician who discovered 
the obvious, champions of the Oriental cosmology of all com- 
plexions of faith were at one. And why should they not be? They 
had at no time differed as to the verbal inspiration and plenary 
authority of every syllable of the story of cosmology which was 
the sole source of information available. 

It was Calvin in particular who had pointed to the 93rd Psalm, 
with its declaration that “the world also is established, that it 
cannot be moved,” and asked contemptuously: 

“Who will venture to place the authority of Copernicus above 
that of the Holy Spirit?” 

The question seemed just as cogent, the argument as unan- 




Plate X: James Bradley (1693-1762) 

(Crow-quill interpretation of the engraving in the volume of Bradley’s 
Miscellaneous Works ^ Oxford, 1832) 
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swerable, to the authorities of the time of Bradley as in any 
earlier generation. 

Could the reasoning of a Newton, the telescope of a Bradley, 
be admitted to belie the inspired words which expressly declare 
the earth to be immovable, and no less explicitly state that the 
sun does move? 

Not yet. 

But the fact that all the stars of the firmament nod approval 
of the Copernican doctrine could not be forever ignored, even 
though their testimony contradicts the record of the most highly 
prized of Oriental anthologies. 

The discrepancy between star-record and book-record was in 
due course to cause much rubbing of eyes. 


XVII 

WEIGHT — ^LAMBERT — ^MASKELYNE — ^FROM MIXKY 
WAY TO EARTH-CORE 

S tar-charts have great practical significance for the Astrono- 
mers Royal of England, and their confreres of other nations, 
whose ofhcial duties (since the time of Maskelyne, Bradley’s 
successor) include the making of Nautical Almanacs, without 
which navigation of the seas would be a hazardous venture. 

Celestial maps may interest in another way men who are not 
themselves professional star-gazers. And it may chance on occa- 
sion, that one of these amateurs is led to speculate about the star- 
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maps in a way the caution of the experts themselves would pre- 
vent them from speculating. 

This is only another way of saying that some men are prone 
to observe, and to hold rigidly to what seem necessary deductions 
from their observations, and that other men are bom generalizers. 

Bradley, as we have seen, was one of the keenest observers 
that ever looked through a telescope. He was also an exceedingly 
sagacious reasoner. But he never jumped to conclusions. Nor 
had he the slightest propensity to invent, Kepler-like, geometrical 
or other phantasies to es5)lain puzzling things that he saw. He 
waited four years after he had observed the oscillations of the 
stars, before he announced what he had seen, because he could 
not find a logical explanation of the curious phenomena. 

When he did find an explanation, it was the right one. More- 
over, his measurements were so accurate that the “constant of 
aberration” he determined has been but little modified by more 
recent observers, notwithstanding the improvements in instru- 
ments of precision. Similarly, Bradley waited almost nineteen 
years before officially announcing his discovery of nutation, 
though there could be no question in his own mind as to the 
nature of the phenomenon, and though he had told of his 
discovery in private conversations, years before the public 
annoimcement. 

A man of that temper of mind will not rush into print with 
generalizations on any subject xmsupported by evidence of the 
most clinching character. And Bradley in particular was dis- 
inclined to be dragged into print — ^let alone rushing — at any 
time or on any subject. Few men who accomplished so much 
have written so little. The records of Bradley’s observations are 
voluminous; his comments on them are terse to the last degree. 
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So it is not strange that there is no record as to what this 
famous observer thought the probable character of the stars 
might be, or the mechanism of the heavens toward which his 
telescopes were directed. 

This is regrettable, for surely a man who said so little must 
have reflected much. And a man of such logicality of mind must 
have drawn inferences from his observations that would have 
peculiar interest and importance. 

Be that as it may, it was left for others to attempt to interpret 
his observations, coupled with observations of the other notable 
star-gazers, in terms of celestial mechanics. And there were at 
least three contemporaries of Bradley who made such attempts, 
with results that posterity has accounted altogether notable. 

The first of these was a physician of Durham, England, who 
bore the name of Thomas Wright. 

Dr. Wright put forward his “Original Theory of the Universe,” 
in the year 1750. 

His theory was that the stellar system is shaped like a grind- 
stone, and that the seeming superabundance of stars in the 
Milky Way is an optical effect, due to the fact that in looking 
into the Milky Way, circled about the heavens, we are looking 
toward the edge of the grindstone from a somewhat central 
position. 

This conception, adopted and popularized subsequently by 
Sir William Herschel, came to be known as the “grindstone” 
hypothesis, and it is substantially a conception adopted by 
astronomers of our own day, as it was accepted by astronomers 
of the intervening generations. 

In other words, the Durham physician put forward the first 
solution of the mystery of the galactic system ever suggested, 
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and guessed so well that succeeding generations could neither 
dispute it nor add anything essential to it. At least, not prior to 
the year 1930. 

The words in which the pronouncement was made were doubt- 
less thought simple in an age given to euphuism, but to the 
modern ear they sound befittingly pompous as becomes so 
oracular a message. 

Wishing to say that the Milky Way is made up of many stars, 
he says it thus: 

“This is the great Order of Nature which I shall now endeav- 
our to prove, and thereby solve the Phaenomena of the Via 
Lactea; and in order thereto, I want nothing to be granted but 
what may easily be allowed, namely, that the Milky Way is 
formed of an infinite Number of small Stars.” 

Wishing, then, to describe the grindstone shape of the universe, 
as he conceives it, he conceals the idea with his code: 

“Let us imagine a vast infinite Gulph, or Medium, every Way 
extended like a Plane, and enclosed between two Surfaces, 
nearly even on both Sides, but of such a Depth or Thickness as 
to occupy a Space equal to the double Radius, or Diameter of 
the visible Creation, that is to take in one of the smallest Stars 
each Way, from the middle Station, perpendicular to the Plane’s 
Direction, and, as near as possible, according to our Ideas of 
their true Distance.” 

Having with the aid of a diagram made it increasingly difficult 
to understand that he merely means that the stars are scattered 
everywhere more or less evenly, but seem thicker along the 
Milky Way because we see more of them there, he desires to 
express the further thought that the stars are all in motion. He 
goes on “to apply this Hypothesis to our present Purpose, and 
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reconcile it to our Ideas of a circular Creation, and the known 
Laws of orbicular Motion, so as to make the Beauty and Har- 
mony of the Whole consistent with the visible Order of its 
Parts.” 

To do this we are further assured, “our Reason must now 
have recourse to the Analogy of Things.” And since analogy 
tells us that we must either move in right lines or in curves, we 
must assume that they either circulate in orbits somewhat in the 
same plane, like planets, or else in different directions as comets 
to round the sun. 

Leaving his audience to choose for themselves between these 
hypotheses, the expositor branches to the consideration of the 
rings of Saturn, which he sagaciously interprets as made up of 
an infinite number of small bodies. All in all, it would be difficult 
to find words better adapted to conceal an idea than the words 
of this epochal paper in which the grindstone theory of the 
imiverse is presented. Nevertheless, the idea is there, and the 
document stands as a monumental contribution to cosmologic 
speculation. 

Among other things, it showed that here at the middle of the 
1 8 th century there were rationalists abroad who were imawed 
by the contemporary judgment that Newton by his statement 
of the law of gravitation had “substituted gravitation for provi- 
dence,” and had “taken from God that direct action on his works 
so constantly ascribed to him in Scripture and transferred it to 
material mechanism.” 

Obscurities of the wording did not disguise the fact that 
Thomas Wright was thinking explicitly in terms of “material 
mechanism.” Perhaps he felt it wise to put a smoke screen of 
words about his daring conception — though not thinking it 
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necessary, as Huygens had done in announcing his h3^othesis 
of the rings of Saturn a century earlier, to use an out and 
out cryptogram. 

Meantime over on the continent there was an Alsatian who 
was thinking along similar lines, and who eleven years later, in 
1761, expressed his conclusions as to the nature of the universe 
in terms as notable for clearness and precision as the other 
expositor’s were for turgid obscurity. 

The author of this system of cosmology is Johann Heinrich 
Lambert. His name suggests German origin, but he wrote in 
French. His treatment of the scheme of the universe might be 
described as “modern” and up-to-date, from the 20th century 
standpoint. 

It is an “enquiry concerning the motion of the fixed stars,” 
based partly on “the apparent as well as real light and magni- 
tude of the stars,” and partly on “the laws of cosmogony.” 

It is noted that the stars appear to casual inspection as if 
they were fixed in the same vaulted surface, but that this is an 
optical illusion. In reality, the stars are at very different dis- 
tances, “as well as from the sun, which is the fixed star of 
our system.” 

It is noted that the stars become progressively more numerous 
with decreasing magnitude, and this comment follows: 

“It is certain that this progression is much better accounted 
for by the different distances of the stars, though we are far 
from contending that they are all equally large and equally 
luminous.” 

Lambert declares that the number of stars in the Milky Way, 
compared with those without it, is like the ocean compared to 
a drop of water. The arplanation is that the Milky Way lies in 
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the background of the other stars, at such an immense distance 
as prevents our discovering its component stars otherwise than 
with a telescope. 

“This being the case no reason can possibly be assigned, why 
those stars should not be in themselves equally large and lumi- 
nous with our Sun.” Furthermore “everything concurs to per- 
suade us, that there is a distance between them similar to what 
exists between the other fixed stars; for example, between the 
Sun and Sirius, or the fixed star the most contiguous to our 
system.” 

It follows that we must assume that the stars of the Milky 
Way are arranged not in the same line, “but the one behind the 
other in immense serieses.” 

The whole system of visible stars is declared not to exhibit 
a spherical figure “but rather that of a physical plane or disk, 
whose diameter is much greater than the axis which measures 
its thickness. In this plane lie the Milky Way, and all that is 
without it. It represents a flattened cylinder, or a spheroid, which 
for a row of a hundred stars in its thickness, ought to have a 
train of millions in its length.” 

Here obviously, we have Dr. Wright’s grindstone — ^virtually 
the same conception of the galactic system that had come to the 
English cosmologist. 

It was then stated that the sun is not at the center of his 
system of fixed stars, the opinion being expressed that the center 
is either in the region of Orion or Sirius. As to the exact location, 
20th century astronomers are not fully agreed. But they do agree 
with Lambert that the sxm is not at the center. 

They are inclined, too, to agree with Lambert’s further con- 
tention that the galactic S3rstem is by no means the entire uni- 
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verse. A cautious modem would perhaps hesitate to express the 
plan of the universe quite as explicitly as Lambert expresses it. 
Yet how essentially “modern” is the picture presented by the 
Alsatian cosmologist’s summary: 

“The Milky Way comprehends several systems of fixed stars; 
those that appear out of the tract of the milky way form but 
one system which is our own. The sun, being of the number of 
fixed stars, revolves round a centre like the rest. Each system 
has its centre, and several systems taken together have a common 
centre. Assemblages of their assemblages have likewise theirs. 
In fine, there is a universal centre for the whole world round 
which all things revolve.” 

When such words can be written, the world has travded far 
from the shdl-like firmament of the old cosmology. 

But let us not forget that no one would dare to put forward 
such a scheme as this, even as an hypothesis, who had not broken 
absolutely with authority. 

The The third proponent of a new scheme of cosmology, and by far 
Cosmos of jjjg jQQgt famous of the three, was Immanuel Kant, then Pro- 
fessor in the University of Konigsberg, Germany. 

In presenting excerpts from Kant’s “Universal Natural His- 
tory and Theory of the Heavens” of 1755, Shapley and Howarth 
make this comment on Kant, as a pioneer in the interpretation 
of the sidereal universe: 

“He proposed many of the hypotheses which have been but 
recently restated or demonstrated, induding the island universe 
interpretation of spiral nebulae, the displacement of the Sun 
to the north of the plane of the Milky Way, and the slowing 
down of the Earth’s rotation through tidal friction arising from 
the Moon’s attraction. His most significant contribution was the 
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speculation on the origin of the planetary system — a nebular 
hypothesis that preceded the better known Laplacian theory by 
forty years.” 

We shall leam something more of Elant’s nebular hypothesis, 
in connection with Laplace’s independent development of a sim- 



Fig. 43. — ^Immanuel Kant (1724-1804). (Adapted from familiar por- 
trait of untraced origin.) 

ilar hjpothesis, in a later chapter. Here I wish merely to refer to 
the conception of the new universe which presented itself to the 
profoundest thinker of the i8th century — a conception necessarily 
based on the astronomical findings of star-gazers of the immedi- 
ately preceding or contemporary generations. 

Here, as with Wright and Lambert, we have the conception 
of a Milky Way of elliptical figure, but the perfectly definite 
conception is attained that our galactic system is only one of a 
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multitude of such S3^tems — the nebulae being presented as “sys- 
tems of many stars, whose distance presents them in such a nar- 
row space that the light which is individually imperceptible from 
each of them, reaches us, on accotmt of their immense multitude, 
in a uniform pale glimmer.” 

Contemplating the nebulae as outlying “island universes,” 
Kant further conjectures that these “higher imiverses are not 
without relation to one another, and that by their mutual rela- 
tionship they constitute again a still more immense system.” 

And the mind of the philosopher expands to this magnificent 
culmination: 

“If the grandeur of a planetary world in which the earth, as 
a grain of sand, is scarcely perceived, fills the understanding 
with wonder; with what astonishment are we transported when 
we behold the infinite multitude of worlds and systems which 
fill the extension of the Milky Way. 

“But how is this astonishment increased, when we become 
aware of the fact that all these immense orders of star-worlds 
again form but one of a number whose termination we do not 
know, and which perhaps, like the former, is a system inconceiva- 
bly vast — ^and yet again but one member in a new combination 
of numbers! We see the first members of a progressive relation- 
ship of worlds and systems; and the first part of this infinite 
progression enables us already to recognize what must be con- 
jectured of the whole. 

“There is here no end but an abyss of a real immensity, in 
presence of which all the capability of human conception sinks 
exhausted, although it is supported by the aid of the science 
of number. 
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“The Wisdom, the Goodness, the Power which have been re- 
vealed is infinite; and in the very same proportion are they 
fruitful and active. The plan of their revelation must therefore, 
like themselves, be infinite and without bounds.” 

That such words would be spoken in the year 1755 may be 
taken as an index of the gigantic strides that had been made, 
thanks very largely to the star-gazers, since the time when Kant’s 
great forerunner of the 17th centtny, Descartes, had lived in 
terror of authority, and for the most part had maintained silence 
regarding his own cosmogonic speculations, intimations of which 
are half-revealed in the famous theory of Vortices. 

The bombardment of facts has been not without effect A back- 
ground of public opinion is being built up that will presently be 
recognized as a barrier against further extension of the antique 
conception. But to pursue that thoi^ht would lead to historical 
misconception. Let us correct the focus: 

The decade that saw the presentation of the new cosmologies 
of Wright, Lambert, and Kant was almost exactly as far removed 
from the publication-time of Newton’s Principia as the fourth 
decade of oiu* own century is from the date of publication of 
Darwin’s Origin of Specks. 

The implications of the Newtonian doctrine were no more ac- 
ceptable to champions of the old cosmology in that decade of the 
i8th century, than the ultimate implications of the Darwinian 
doctrine are acceptable to the champions of the old theogeny 
in this corresponding period of the 20th century. 

But now the Newtonian doctrine, already of course accepted Maske- 
by the leaders (if not by the drivers) at last was to receive sup- 
port of unexpected kind, calculated to appeal to the man in Mountain 
the street. A curious demonstration of the truth of the law of 
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gravitation, as it operates here on the globe, was to be made by 
a man who followed Bradley’s successor (N, Bliss) in the position 
of Astronomer Royal of England. 



Fig. 44. — ^Nevil Maskelyne (1732-1811). (Adapted from Poor’s 
Nautical Science. Origin not traced.) 


The astronomer’s name was Nevil Maskelyne. The record of 
his demonstration makes a rather curious story. 

In the preceding chapter we saw a future Astronomer Royal 
pointing his telescope at a star, and thereby making final demon- 
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stration of the truth of the Copemican doctrine. Now we are 
to see his successor, by not dissimilar measurement of a star’s 
position, doing a like service for the Newtonian doctrine, and 



Fig. 45. — ^How Maskdyne "Weighed the Mountain. (The plumb line 
is deflected toward the mountain so that the apparent zenith shifts to 
A, and the star’s zenith-distance appears to be SA instead of SZ. On the 
other side of the moimtain the apparent shift is in the opposite 
direction.) 

at the same time striking a hard, even if indirect, blow at the 
old cosmogony by proving that the interior of the earth is quite 
different from the watery mass or hollow pit in which alternate 
terms the ancient descriptions were held to depict it. 

So there is interest beyond what appears on the surface in the 




250 GREAT ASTRONOMERS 

fact that, in the year 1774, the Astronomer Royal of England 
set out to weigh a moimtain. 

Weighing a mountain certainly seems an odd task for an as- 
tronomer. Yet in effect that is what Maskelyne did. More tech- 
nically, he tested the gravitation-pull of the mountain. But the 
thing seems less peculiar when we are told that what was ulti- 
mately accomplished was the virtual weighing of the earth. 

What was specifically tested was the deflection of the plumb- 
line on either side of an abruptly rising “hog-back” moimtain, 
testing the plumb-line in turn by the apparent deviation from 
the zenith of a star when viewed telescopically from opposite sides 
of the mountain. The Astronomer Royal knew that the star had 
not changed its position. What had really changed was the 
apparent zenith, as pointed out by the plumb-line. The apparent 
deviation showed how far the plummet (of known weight) had 
been pulled aside by the mountain. 

A relatively simple application of the law of inverse squares 
(gravitation), with size and distance of mountain versus size 
and distance (to center) of earth for factors, revealed the rela- 
tive density of earth-substance as a whole versus mountain- 
substance. 

Result: The substance of the interior of the earth is about 
twice as dense as the substance of the crust — confir ming by 
experiment a sagacious guess made almost a century earlier by 
Newton himself. 

An incidental result was to give the quietus to Thomas Burnet’s 
theory, still popular in 1774 when the mountain-weighing was 
done, that the interior of the earth is an abysm of water. It was 
now known to have more than five times the density of water. 

Subsequent investigations were to lead to the conclusion that 
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the core of the earth is in reality chiefly composed of iron. But 
the purpose of the Astronomer Royal was fully accomplished 
when he had demonstrated that the earth could be weighed by his 
mountain and plumb-line method. 


xvin 

HERSCHEL EXPANDS THE UNIVERSE 

A t the very time when the Astronomer Royal of England 
^was weighing his mountain, and thereby giving new support 
to the Copernican and Newtonian doctrines, another man in 
England was preparing to make a most amazing series of dem- 
onstrations of the same truths, by turning his eyes zenith-ward 
with a quite different instrument. 

The name of this new innovator was William Herschel. 

He was thirty-six years of age when Maskelyne weighed his 
motmtain, and known only to a very narrow audience as an excel- 
lent player of the oboe in a professional orchestra. 

Ten years later the ex-oboe-player was the most talked about 
man in England, perhaps in the world, even in the day of Pitt 
and Fox, of Gibbon, Adam Smith, and Boswell’s Dr. Johnson — 
not to mention Washington and Franklin. 

The man who thus kaleidoscopically changed his affairs with 
the aid of a telescope was a Hanoverian by birth. But Hanoverians 
could hardly be counted as aliens in the England of the Georges. 
And in any event, William Herschel was soon wholly England’s 
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by adoption— though Germany never ceased to claim a share in 
his glory. 

In the best sense of the word, Herschd was a sdf-made man. 
Genius such as his is of course a heritage, yet there was nothing 
in his ancestry obviously to account for the spectacular success 
of the middle-aged musician who became first an amateur star- 
gazer, and then far and away the most successful observing 
astronomer of his own or any other age. 

A Maker But Herschd was much more than a marvdous observer. He 
^Reflect- extraordinary mechanical genius to begin with, and prepared 
Telescopes for his future success by inventing methods of grinding blocks 
of metal into parabolic speculums. These, when silvered, consti- 
tuted the reflected mirrors of tdescopes of the type invented by 
Newton and perhaps independently by the French sculptor Sieur 
Guillaume Cassegrain, about the year 1672, but never put to 
conspicuous practical use in the intervening century. 

To Herschel it seemed that this type of telescope offered pos- 
sibilities not open to the ordinary telescope, the glass lenses of 
which were restricted in that day to a few inches in diameter. 
Herschd presently was able to make his reflecting mirrors many 
times the size of the largest lens hitherto ground. 

His ultimate masterpiece was a 48-inch mirror, with focal 
length of 40 feet— mounted on a great outdoor scaffolding, where 
the observer perched fifty feet in the air. This was the father 
of all modem great reflecting telescopes, and in its day it was 
regarded as an eighth wonder of the world. 

Herschd’s first fame, however, was achieved with an instm- 
ment of far more modest dimensions. The discovery of the new 
comet which turned out to be a wonderful new world was made 





Plate XI: Frederick William Herschel (1738-1822) 

(Pencil sketch, largely based on the pastel by I. Russell, R. A., dated 
1794, as half-toned in Shapley and Howerth's Source Book in Astronomy) 
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with a mirror only a little over six inches in diameter, with a 
telescope-tube seven feet in length. 

This was in 1781. 



Fig. 46. — Caroline Herschd. (Adapted from Hutchi ns on’s Splendour 
of the Heavens. Original soiurce not traced.) 

From that, Herschel went on to grind larger and better mir- 
rors, until his fame as a telescope maker rivaled his fame as an 
observing astronomer. 

His patience in grinding the curved reflecting surface was 
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monumental. Sometimes for sixteen hours together he must walk 
steadfly about the mirror, polishing it without once removing his 
hands. 



Fig. 47. — ^Herschel and His Sister at the Big Reflector. (Adapted 
from Williams’ Story of Nineteenth Century Science. Original by T. 
de Thulstrup.) 

Meantime his sister Caroline, alwa3rs his chief lieutenant, 
cheers him with her presence, and from time to time puts food 
into his mouth. 

The telescope completed, the astronomer turned night into day, 
and from sunset to sunrise, year in and year out, swept the 
heavens unceasingly, unless prevented by clouds or the brightness 
of the moon. 

His sister sat always at his side, recording his observations. 
They were in the open air, perched high at the mouth of the 
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reflector, and sometimes it was so cold that the ink froze in the 
bottle in Caroline Herschel’s hand; but the two enthusiasts 
hardly noticed a thing so commonplace as terrestrial weather. 
They were living in distant worlds. 

The results? What could they be? Such enthusiasm would 
move mountains. 

But, after all, the moving of mountains seems a Liliputian 
task compared with what Herschel really did with those won- 
derful telescopes. He moved worlds, stars, a universe — even, if 
you please, a galaxy of universes. At least he proved that they 
move, which seems scarcely less wonderful; and he expanded the 
cosmos, as man conceives it, to thousands of times the dimen- 
sions it had before. 

As a mere beginning, he doubled the diameter of the solar 
system by observing the great outlying planet which we now 
call Uranus, but which he christened Georgium Sidus, in honor 
of his sovereign, and which his French contemporaries, not relish- 
ing that name, preferred to call Herschel. 

When first seen, the planet was mistaken for a comet, its true 
character being revealed when its orbit was found to be broadly 
elliptical (almost circular), very different from the long, narrow 
ellipse of the comet’s circuit. 

This discovery was but a trifle compared with what Hersdiel 
did later, but it gave him world-wide reputation. Comets and 
moons aside, this was the first addition to the solar system that 
had been made within historic times, and it created a veritable 
furor of popular interest and enthusiasm. Incidentally Eong 
George was flattered at having a world named after him, and 
he smiled on the astronomer, and came with his court to have 
a look at his namesake. 
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The inspection was highly satisfactory; and presently the royal 
favor enabled the astronomer to escape the thraldom of teaching 
music and to devote his entire time to the more congenial task 
of star-gazing. 

Presently, astronomy came to be almost a court function. 
King and .'Archbishop with their servitors came to visit the as- 
tronomer. The story goes that on one occasion, when the mam- 
moth five-foot tube of the greatest of all telescopes was yet 
unmounted, the King led the way through the tube, calling out 
gayly, “My lord bishop, I will show you the way to heaven.” 

WTiom the King smiles on prospers. So the astronomer soon 
had no need to worry about finances. Moreover, he presently 
married a wealthy widow, and thus was doubly entrenched against 
the wolf. 

F.T rUT,-n; Relieved from the burden of mundane embarrassment, Her- 
schel turned with fresh enthusiasm to the skies, and his dis- 

Lniveise 

coveries followed one another in bewildering profusion. He found 
various hitherto unseen moons of our sister planets; he made 
special studies of Saturn, and proved that this planet, with its 
rings, revolves on its axis; he scanned the spots on the sun, and 
suggested that they influence the weather of our earth; in shO'rt, 
he extended the entire field of solar astronomy. 

But very soon this field became too small for bitn, and his 
most important researches carried him out into the regions of 
space compared with which the span of our solar S3?stem is a 
mere point. 

With his perfected telescopes he entered abysmal vistas which 
no human eye had ever penetrated before, which no h uman mind 
had hitherto more than vaguely imagined. 

He tells us that his forty-foot reflector will bring him light 
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from a distance of “at least eleven and three-fourths millions of 
millions of millions of miles” — flight which left its source two 
million years ago. 

The smallest stars visible to the unaided eye are those of the 
sixth magnitude; this telescope, he thinks, has power to reveal 
stars of the 1342nd magnitude. His system of magnitudes is not 
followed now, but the import of his estimates is unchallenged. 

But what did Herschel learn regarding these awful depths of The stare 
space and the stars that people them? That was what the world 
wished to know. 

Copernicus, Galileo, Kepler, had given us a solar system, but 
the stars had been a' mystery. 

What says the great reflector — ^are the stars points of light, 
as the ancients taught, and as more than one philosopher of the 
eighteenth century has still contended, or are they suns, as others 
hold? 

Herschel answers, they are suns, each and every one of all 
the millions — suns, many of them, larger than the one that is 
the centre of our tiny system. 

Not only so, but they are moving suns. Instead of being fixed 
in space, as has been thought, they are whirling in gigantic orbits 
about some common centre. 

Is our sun the centre? 

Far from it. Our sun is only a star like all the rest, circling 
on with its attendant satellites — our giant sun a star, no different 
from myriad other stars, not even so large as some; a mere in- 
significant spark of matter in an infinite shower of sparks. 

Here, then, the moving universe of Wright and Lambert and 
Kant finds a protagonist whose voice is loud. 

Nor is this all. Looking beyond the few thousand stars that 
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are visible to the naked eye, Herschel sees series after series 
of more distant stars, marshalled in galaxies of millions; but 
at last he reaches a distance beyond which the galaxies no longer 
increase. And yet — so he thin ks — ^he has not reached the limits 
of his vision. 

What then? He has come to the bounds of the sidereal system 
— seen to the confines of the universe. 

He believes that he can outline this system, this universe, and 
prove that it has the shape of an irregular globe, oblately flat- 
tened to almost dislike proportions, and divided at one edge — a. 
bifurcation that is revealed even to the naked eye in the forking 
of the Milky Way, 

The This, then, is our universe as Herschel conceives it— a vast 
galaxy of suns, held to one centre, revolving, poised in space. 

Univeise But even here those marvellous telescopes do not pause. Far, 
far out beyond the confines of our universe, so far that the 
awful span of our own system might serve as a unit of measure, 
are revealed other systems, other universes, like our own, each 
composed, as he thinks, of myriads of suns, clustered like our 
galaxy into an isolated system— mere islands of matter in an 
infinite ocean of space. 

So distant from our universe are these new universes of 
Herschel’s discovery that their light reaches us only as a 
nebulous glow, in most cases invisible to the unaided eye. 

About a hundred of these nebulae were known when Herschel 
began his studies. Before the close of the century he had dis- 
covered about two thousand more of them, and many of tbpse 
had been resolved by his largest telescopes into clusters of stars. 

He believed that the farthest of these nebulae that he could 
see was at least three hundred thousand times as distant from 
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US as the nearest fixed star. Yet that nearest star — so more recent 
studies prove — ^is so remote that its light, travelling one hundred 
and eighty-six thousand miles a second, requires four and one- 
third years to reach our planet. 

As if to give the finishing touches to this novel scheme of 
cosmology, Herschel, though in the main very little given to 
unsustained theorizing, allows himself the privilege of one be- 
lief that he cannot call upon his telescope to substantiate. He 
thinks that all the myriad suns of his numberless systems are 
instinct with life in the human sense. 

Giordano Bruno and a long line of his followers had held that 
some of our sister planets may be inhabited, but Herschel ex- 
tends the thought to include the moon, the sun, the stars — all 
the heavenly bodies. 

He believes that he can demonstrate the habitability of our 
own sun, and reasoning from analogy, he is firmly convinced 
that aU the suns of all the systems are “well supplied with 
inhabitants.” 

In this, as in some other inferences, Herschel is misled by 
the faulty physics of his time. Future generations, working with 
perfected instruments, may not sustain him all along the line 
of his observations, even, let alone his inferences. 

But how one’s egotism shrivels and shrinks as one grasps the 
import of his sweeping thoughts! 

Continuing his observations of the innumerable nebulae, nrigiTie 
Herschel is led presently to another curious specidative inference. 

He notes that some star groups are much more thickly clustered 
than others, and he is led to infer that such varied clustering tells 
of var3dng ages of the different nebulae. He thinks that at first 
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all space may have been evenly sprinkled with the stars and that 

the grouping has resulted from the action of gravitation. 

“That the Milky Way is a most extensive stratum of stars 
of various sizes admits no longer of lasting doubt,” he declares, 
“and that our sun is actually one of the heavenly bodies belong- 
ing to it is as evident. I have now viewed and gauged this shining 
zone in almost every direction and find it composed of stars whose 
number . . . constantly increases and decreases in proportion 
to its apparent brightness to the naked eye.” 

“Let us suppose numberless stars of various sizes, scattered 
over an indefinite portion of space in such a manner as to be 
almost equally distributed throughout the whole. The laws of 
attraction which no doubt extend to the remotest regions of the 
fixed stars will operate in such a manner as most probably to 
produce the following effects: 

“In the first case, since we have supposed the stars to be 
of various sizes, it will happen that a star, being considerably 
larger than its neighboring ones, will attract them more than 
they will be attracted by others that are immediately around 
them; by which means they will be, in time, as it were, con- 
densed about a centre, or, in other words, form themselves into 
a cluster of stars of almost a globular figure, more or less regu- 
lar, according to the size and distance of the surrounding 
stars. . . . 

“The next case, which will also happen almost as frequently 
as the former, is where a few stars, though not superior in size 
to the rest, may chance to be rather nearer one another than the 
surrounding ones, and this construction admits of the utmost 
variety of shapes. 

“From the composition and repeated conjxmction of both the 
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foregoing formations, a third may be derived when many large 
stars, or combined small ones, are spread in long, extended, 
regular, or crooked rows, streaks, or branches; for they will also 
draw the surrounding stars, so as to produce figures of condensed 
stars curiously similar to the former which gave rise to these 
condensations. 

“We may likewise admit still more extensive combinations; 
when, at the same time that a cluster of stars is forming at the 
one part of space, there may be another collection in a different 
but perhaps not far-distant quarter, which may occasion a mutual 
approach towards their own center of gravity. 

“In the last place, as a natural conclusion of the former cases, 
there will be formed great cavities or vacancies by the retreating 
of the stars towards the various centres which attract them.” 

Looking forward, it appears that the time must come when aU 
the suns of a system will be drawn together and destroyed by 
impact at a common centre. Already, it seems to Herschel, the 
thickest clusters have “outlived their usefulness” and are verging 
towards their doom. 

But again, other nebulae present an appearance suggestive of 
an opposite condition. They are not resolvable into stars, but 
present an almost uniform appearance throughout, and are hence 
believed to be composed of a shining fluid, which in some in- 
stances is seen to be condensed at the centre into a glowing mass. 

In such a nebula Herschel thinks he sees a sun in process of 
formation. 

Taken together, these two conceptions outline a majestic cycle 
of world formation and world destruction — a broad scheme of 
cosmogony such as had been vaguely adumbrated two centuries 
before by Kepler and Descartes, and in more recent times by 
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Wri^t and Swedenborg and Kant. This so-called “nebular hy- 
pothesis” assumes that in the beginning all space was uniformly 
filled with cosmic matter in a state of nebular or “fire-mist” 
diffusion, “formless and void.” It pictures the condensation — 
coagulation, if you will — of portions of this mass to form segre- 
gated masses, and the ultimate development out of these masses 
of the sidereal bodies that we see. 

We shall learn in the succeeding chapter how this thesis was 
elaborated. The significance of the moment is that it now re- 
ceived the endorsement of the astronomer who had the ear of the 
public no less than of the world of science. 

Yet another innovation. This time the record of certain double 
stars, which were reported in 1802 to the Royal Society as having 
changed their relative position toward one another since th^r 
were first charted twenty years before. 

Hitherto it had been supposed that double stars were mere 
optical effect. Now it became clear that some of them, at any 
rate, are true “binary systems,” linked together presumably by 
gravitation and revolving about one another. 

Halley had shown, three-quarters of a century earlier, that the 
stars have an actual or “proper” motion in space; Herschel him- 
self had proved that the sun shares this motion with the other 
stars. Here was another shift of place, hitherto quite unsus- 
pected, to be reckoned with by the astronomer in fathoming 
sidereal secrets. 

The double-star observations had been undertaken at first in 
the hope that these objects might aid the observer in ascertaining 
the actual distance of a star, throu^ measurement of its annual 
parallax— that is to say, of the angle which the semi-radius of 
the earth’s orbit would subtend as seen from the star. This 
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expectation was not fulfilled, but tbe demonstration that the law 
of gravitation holds sway in the depths of the sidereal universe 
was perhaps an even more important culmination of Herschel’s 
labors than if the original object had been attained. 

It gave the finishing touch to the conception of the starry 
heavens as a mechanism subject to natural laws — ^the same nat- 
ural laws that control the planetary system, and the movements 
of ordinary bodies here on the earth’s surface. 

And now the culminating marvel. 

Studying the “proper motions” of a few stars (seven in par- 
ticular), Herschel drew the sagacious inference that the chief 
part of their motion is an optical effect — ^in reality a seeming 
backward drift, due to the actual forward flight of the solar 
system. 

Noting the exact position of the “vanishing point” of the lines 
of apparent movement of the stars, he inferred that the sun’s 
flight is in the opposite direction. 

And so he located a region not far from the bright star Vega 
as the apex of the sun’s flight. 

The seven principal stars, Sirius, Castor, Procyon, Pollux, 
Regulus, Arcturus, and Alpha Aquilae were credited with the 
amounts and directions of movement given by Maskelyne in an 
account he had published of the proper motions of some principal 
stars. The list was supplemented by a table given by the French 
astronomer M. de Lalande, comprising twdve stars whose proper 
motions had been detected within the past fifty years. 

Herschel states the opinion that, in view of fhe conformity 
of movement of these stars, we are no longer authorized to sup- 
pose the sun at rest, any more than we should be to deny the 
diurnal motion of the earthr-except that the proofs of the latter 
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are very numerous, whereas the former rests only on a few 

testimonies. 

He lists twenty-seven known motions of the stars on which 
his conclusions are based, which include but five deviations from 
consistency with his hypothesis. 

These exceptions, he correctly adds, must be resolved into 
the real proper motion of the stars themselves, in contradis- 
tinction to the apparent motion due to the sun’s shifting position. 

Having pointed out the position of star Lambda Herculis as 
the apex of the sun’s flight, Herschel adds a little later that this, 
after all, “is not perhaps the best selected. A somewhat more 
northern situation may agree better with the changes of declina- 
tion of Arcturus and Sirius, which capital stars may perhaps be 
the most proper to lead us in this hjpothesis.” 

Of all the many evidences of the genius of the greatest of 
observers, there is perhaps no more striking one than this. For 
the modem astronomer, with a multitude of stars from which to 
determine the vanishing point, fixes the direction of the sun’s 
motion at a point only seven degrees northwest of Lambda 
Herculis. 

Let me illustrate. 

Look at the dial of your watch, when the minute-hand has 
passed the barest trifle more than a single minute beyond the 
hoxur-hand. Then the trifling angle between the two hands of 
the watch represents the difference between Herschel’s estimate 
of the direction of the sim’s flight and the most modern estimate. 
And the surmise with which the great astronomer qualifies his 
estimate, on the basis of the movements of two stars alone, 
brings the watch hands even closer together. 

A large-scale architectural drawing in which all lin es are di- 
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rected to a vanishing point with as small variation as that, would 
be considered an accurate piece of work. 

But regardless of details as to exact direction, the marvel of 
marvels was to have shown that the sun is moving through space 
in a colossal flight. Herschel assumes as a justifiable inference 
that all the suns are moving. The dream of Kant has become 
an experimentally established astronomical h57pothesis. The old 
cosmos of the “fixed” stars has been absolutely superseded. 

Let it be noted that in this culminating achievement of his 
genius, Herschel is generalizing from observational data supplied 
by other astronomers. He, too, is a great observer. But unlike 
most great observers, he is not content merely with the records 
of facts, but must collocate the facts, and challenge their ultimate 
meanings. The sagacity of his inferences, coupled with their usual 
soimdness, is the measure of his almost unparalleled genius. 

“As a practical astronomer,” says Holden, “Herschel remains 
without an equal. In profound philosophy he has few superiors. 
His is one of the few names which belong to the whole world.” 


XIX 

KANT AND LAPLACE — THE NEW GENESIS 

I MMANUEL Kant, world-famous as one of the greatest of 
philosophers, is known to everyone as the author of the 
Critique of Pure Reason. His genius is further attested by his 
less widely known speculations on the interpretation of the 
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sidereal universe of which we caught glimpses in an earlier 
chapter. 

He conceived also the necessary slowing down of the earth’s 
rotation through tidal friction arising from the moon’s attraction. 

Still more significantly, he speculated on the origin of the 
world and advanced a nebular hypothesis that anticipated the 
better known Laplacian theory by about forty years. 

Let us learn from his own words how the imaginative philos- 
opher conceived the world to have come into existence. 

“I assume,” says Kant, “that all the material of which the 
globes belonging to our solar S3r5tem — ^all the planets and comets 
—consist, at the beginning of all things was decomposed into 
its primary elements, and filled the whole space of the universe 
in which the bodies formed out of it now revolve. 

“This state of nature, when viewed in and by itself without 
any reference to a system, seems to be the very simplest that 
can follow upon nothing. 

“At that time nothing has yet been formed. The construction 
of heavenly bodies at a distance from one another, their dis- 
tances regulated by their attraction, their form arising out of the 
equilibrium of their collected matter, exhibit a later state. 

“In a region of space filled in this manner, a universal repose 
could last only a moment. The elements have essential forces 
with which to put each other m motion, and thus are themselves 
a source of life. Matter immediately begins to strive to fashion 
itself. The scattered elements of a denser kind, by mpans of 
their attraction, gather from a sphere around them all the mat- 
ter of less specific gravity; again, these elements themselves, 
together with the material which they have united with them, 
collect in those points where the particles of a still denser kind 
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are found; these in like manner join still denser particles, and 
so on. 

“If we follow in imagination this process by which nature 
fashions itself into form through the whole extent of chaos, we 
easily perceive that all the results of the process would consist 
in the formation of divers masses which, when their formation 
was complete, would by the equality of their attraction be at 
rest and be forever immoved. 

“But nature has other forces in store which are specially ex- 
erted when matter is decomposed into fine particles. They are 
those forces by which these particles repel one another, and 
which, by their conflict with attractions, bring forth that move- 
ment which is, as it were, the lasting life of nature. This force 
of repulsion is manifested in the elasticity of vapors, the ef- 
fluences of strong-smelling bodies, and the diffusion of all 
spirituous matters. This force is an uncontestable phenomenon 
of matter. It is by it that the elements, which may be falling 
to the point attracting them, are turned sideways promiscuously 
from their movement in a straight line; and their perpendicular 
fall thereby issues in circular movements, which encompass the 
centre towards which they were falling. In order to make the 
formation of the world more distinctly conceivable, we will limit 
our view by withdrawing it from the infinite universe of nature 
and directing it to a particular system, as the one which belongs 
to our sun. 

“Having considered the generation of this system, we shall be 
able to advance to a similar consideration of the origin of the 
great world-systems, and thus to embrace the infinitude of the 
whole creation in one conception. 
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“From what has been said, it will appear that if a point is 
situated in a very large space where the attraction of the ele- 
ments there situated acts more strongly than elsewhere, then 
the matter of the elementary particles scattered throughout the 
whole region will fall at that point. The first effect of this general 
fall is finally, that only those particles continue to move in this 
region of space which have acquired by their fall a velocity, and 
through the resistance of the other particles a direction, by which 
they can continue to maintain a free circular movement. . . . 

“The view of the formation of the planets in this system has 
the advantage over every other possible theory in holding that 
the origin of the movements, and the position of the orbits in 
arising at that same point of time — nay, more, in showing that 
even the deviations from the greatest possible exactness in their 
determinations, as well as the accordances themselves, become 
clear at a glance. The planets are formed out of particles which, 
at the distance at which they move, have exact movements in 
circular orbits; and therefore the masses composed out of them 
will continue the same movements and at the same rate and in 
the same direction.’’ 

There is much more in kind, but after all is said it must be 
admitted that the explanation leaves a good deal to be desired. 

It is the explanation of a metaphysician rather than that of a 
noathematician. 

Such phrases as “matter immediately begins to strive to fashion 
itself,” for example, have no place in the reasoning of inductive 
science. Nevertheless, the hypothesis of Kant is a remarkable 
conception; it attempts to explain along rational lines some- 
thing which hitherto had for the most part been considered alto- 
gether inexplicable. 






Plate XII: Pierre Simon Laplace (1749-1827) 

(Pencil sketch based on the painting by Nedeon, as transcribed by an 
unknown engraver, and half-toned m Williams’ History of Science) 
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But there are various questions that at once suggest them- 
selves which the Kantian theory leaves unanswered. 

How happens it, for example, that the cosmic mass which 
gave birth to our solar system was divided into several planetary 
bodies instead of remaining a single mass? Were the planets 
struck from the sun by the chance impact of comets, as Buffon 
has suggested? or thrown out by explosive volcanic action, in 
accordance with the theory of Dr. Erasmus Darwin? or do they 
owe their origin to some xmknown law? 

In any event, how chanced it that all were projected in nearly 
the same plane as we now find them? 


It remained for a mathematical astronomer to solve these Laplace 
puzzles. 

^ P^ebular 

The man of all others competent to take the subject in hand Hypothe- 
was the French astronomer Laplace. For a quarter of a century 


he had devoted his transcendent mathematical abilities to the 


solution of problems of motion of the heavenly bodies. Working 
in friendly rivalry with his countryman Lagrange, his only peer 
among the mathematicians of the age, he had taken up and 
solved one by one the problems that Newton left obscure. 

Largely through the efforts of these two men the last lingering 
doubts as to the solidarity of the Newtonian hypothesis of 
universal gravitation had been removed. 

The share of Lagrange was hardly less than that of his co- 
worker; but Laplace will longer be remembered, because he 
ultimately brought his completed labors into a system, and, in- 
corporating with them the labors of his contemporaries, produced 
in the Micaniqtte C&este the undisputed mathematical monu- 
ment of the century, a fitting complement to the Principia of 
Newton, which it supplements and in a sense completes. 
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In the closing years of the eighteenth century Laplace took 
up the nebular hypothesis of cosmogony, to which we have just 
referred, and gave it definite proportions; in fact, made it so 
thoroughly his own that posterity will always link it with his 
name. 

Discarding the crude notions of cometary impact and vol- 



Fig. 48. — ^Joseph Louis Lagrange. (Redrawn from Williams’ 
Story of Nineteenth Century Science. Original not traced.) 

cahic eruption, Laplace filled up the gaps in the hj^othesis with 
the aid of well-known laws of gravitation and motion. 

He assumed that the primitive mass of cosmic matter which 
was destined to form our solar system was revolving on its ayis 
even at a time when it was still nebular in character, and filled 
all space to a distance far beyond the present limits of the system. 
As this vaporous mass contracted through loss of heat, it 
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revolved more and more swiftly, and from time to time, through 
balance of forces at its periphery, rings of its substance were 
whirled off and left revolving there, subsequently to become 
condensed into planets, and in their turn whirl off minor rings 
that became moons. 

The main body of the original mass remains in the present 
as the still contracting and rotating body which we call the sxm. 

The nebular h3q)othesis thus given detailed mathematical com- 
pletion by Laplace is justly regarded as a worthy compliment 
of the grand cosmologic scheme of Herschel. Whether true or 
false, the two conceptions stand as the final contributions of 
the eighteenth century to the history of man’s ceaseless efforts to 
solve the mysteries of cosmic origin and cosmic structure. 

The world listened eagerly and without prejudice to the new 
doctrines; and that attitude tells of a marvellous intellectual 
growth of oxu" race. 

Mark the transition: 

In the year 1600, Bruno was burned at the stake for teaching 
that our earth is not the centre of the universe, and the plurality 
of worlds. In 1 700, Newton was pronounced “impious and hereti- 
cal” by a large school of philosophers for declaring that the force 
which holds the planets in their orbits is universal gravitation. 
In 1 800, Laplace and Herschel are honored for teaching that 
gravitation built up the system which it still controls; that our 
universe is but a minor nebula, our sun but a minor star, our 
earth a mere atom of matter, our race only one of myriad races 
peopling an infinity of worlds. 

Doctrines which but the span of two human lives before would 
have brought their enunciators to the stake, are now pronoimced 
not impious, but sublime. 
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Both Laplace and Hersdiel lived on well into the new century. 
Herschel, eleven years the elder, died in 1822, aged 84. Laplace 
died in 1827, at the age of 78. But the great work of both had 
been carried far toward completion in the i8th century, and 
counted among the crowning achievements of that century. 

The value of their work was not merely astronomical, in the 
restricted sense of the word. 

Herschel’s great accomplishment was to make his generation 
star-minded, if the phrase be permitted— -to bring to the attention 
of the world at large a comprehension of the stupendous size 
and complexity of the sidereal system, in contrast to the relative 
smallness and simplicity of the solar system, even though that 
system itself had been doubled in size. 

The work of Laplace had been to present the universe as a 
mechanism subject to natural law, and to suggest a rational ex- 
planation of the evolution of the solar system— an astronomer’s 
conception of the creation of the world. 

The world in which Herschel and Laplace died was a very 
different world from that into which they had been bom. And 
for the change they, more than any other men, were responsible. 

In the broader view it seems a matter of indifference that a 
soldier named Napoleon chanced to live in the same epoch. The 
fact that James Watt, developer of the steam engine, was also 
a contemporary, is of greater moment. But after all, what is 
material progress that was to eventuate in a machine age, in com- 
parison with intellectual awakening that was to lead to the 
emancipation of the human spirit from an age-long thraldom? 

And now an amazing thing happened. In the very year of 
Herschel’s passing, and while Laplace had yet five years to live, 
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the works of Copernicus, Kepler, and Galileo were officially 
expunged from the Index. 

Thus was the year 1822 made memorable. 

Herschel’s telescopes and the pencil of Laplace had been de- 
termining factors in accomplishing this liberative denouement. 

Herschel had added to the planetary system a body sixty 
times the bulk of the earth and from a billion and a half to two 
billion miles away, (in the various sectors of its orbit). Could 
any rational being be asked to believe that the little earth stands 
still while this great globe makes a five-billion-mile circuit about 
it in twenty-four hours? 

Laplace had explained the origin of the solar system, and 
brought the world mechanism under the dominion of natural law. 

And the work of both had been accomplished as culminating 
additions to the conception of the new cosmology which began 
with Copernicus and was extended by an unbroken sequence of 
worthy successors. 

Item by item the new elements had been added to complete 
the structure. Galileo’s telescope revealed the planetary system 
of Jupiter, Kepler established the laws of planetary revolution. 
Horrox and Flamsteed magnified the sxm and solar system. New- 
ton brought the universe within the compass of his law of gravi- 
tation. Halley brought the comet into the sun’s planetary family, 
and showed the stars moving in the firmament. 

The scheduled return of Halley’s comet in 1758, coupled with 
the inescapable verdict of the multitudes of Bradley’s nodding 
stars prepared the world for the expansion of the solar system 
and the sounding of the universe by Hersdiel’s tdescopes, and 
for the new mathematical Genesis of Laplace. 
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The cumulative evidence could no longer be withstood. It was 
time quietly to blue-pencil the Index, 

The new edition, to be published in 1835, would not bear the 
names of the traditional heretics who had challenged the orthodox 
conception of the geocentric universe. 

The blue-penciling had been rather long delayed. Copernicus 
had been dead almost three centuries, Kepler little less than two 
centuries, Galileo 180 years. But Rome was not built in a day, 
and the breaking down of a tradition is a far more formidable 
task than the building of a city. 

Let it suffice that thenceforward the most devout churchman 
could read about, talk about, the sim and the earth in rational 
terms without stultifying himself or being false to his religion. 

Thenceforward our planet could rotate on its axis — “Sleep on 
its soft axle” in Milton’s inspired phrase — and swing round its 
orbit with the sanction of infallible authority, which until now 
had condemned it to perpetual immobility. 

So Galileo was right, after all. E pur si muove. The planet 
Earth does move. 

And the world of thought moves tool 



BOOK V 


THE ASTRONOMY OF 
PRECISION 

“Contemplated as a whole, astronomy is the 
most beautiful monument of the human mind, 
the noblest record of its intelligence.” 

— Laplace. 




XX 


PIAZZI OLBERS GALAXY OF NEW WORLDS 

T he first day of the nineteenth century was fittingly sig- 
nalized by the discovery of a new world. On the evening 
of January i, i8oi, an Italian astronomer, Piazzi, observed an 
apparent star of about the eighth magnitude (hence, of course, 
quite invisible to the unaided eye), which later on was seen to 
have moved, and was thus shown to be vastly nearer the earth 
than any true star. 

He at first supposed, as Herschel had done when he first saw 
Uranus, that the imfamiliar body was a comet; but later ob- 
servation proved it a tiny planet, occupying a position in space 
between Mars and Jupiter. 

It was christened Ceres, after the tutelary goddess of Sicily. 
Though unpremeditated, this discovery was not unexpected, 
for astronomers had long surmised the existence of a planet in 
the wide gap between Mars and Jupiter. Indeed they were even 
preparing to make concerted search for it, despite the protests 
of philosophers, who argued that the planets could not possibly 
exceed the magic number seven, when Piazzi forestalled their 
efforts. 

Thus it was the peculiar distinction of the new-found planet 
to give the quietus to an age-old superstition. The story is this: 

The ancient Babylonians, it will be recalled, counted seven 
planetary bodies — ^the Moon, the Sun, Mercury, Venus, Mars, 
Jupiter, and Saturn. As each was the abode of an important god 
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(or perhaps a hierarchy of gods) the number seven was not 
unnaturally inferred to have peculiar significance. 

It became the sacred number in the estimate of the philosopher- 
priests whose business it was to attend to such matters. 

Hence the old Babylonian Creation-Tablets told of seven days 
of world-making, and Semitic records bristled (as every one who 
knows his Genesis-to-Revelations can attest) with sacred sevens 
— from spirits of God, years of plenty, golden candlesticks, and 
sacrificial Iambs, rams, and bullocks, to the same cabalistic num- 
ber of last plagues and abominations. 

And as the Oriental ideas permeated westward, and the num- 
ber of heavenly bodies was long imexpanded, we hear of the 
rmiversal acceptance of the seven-day week and the seven-day 
Creation-Period; not to mention such incidental symbolisms as 
the seven wise men of Greece and the Seven Wonders of the 
classical world. 

One might have supposed that the cabalistic munber would 
have lost, something of its traditional significance after the 
Copemican upheaval, which changed the count of planetary 
bodies. The sun being removed from the hierarchy (or enthroned 
in the Holy of Holies) and the moon reduced to a subordinate 
position, there were now but six planets, even though the earth 
supplied the place vacated by the sun in the census. 

But philosophers are fertile in espedients, and it was necessary 
only to include the stellar sphere to bring the count back to the 
ideal number. 

And then, in due course, came Herschel, with the discovery 
of Uranus, and it was only necessary again to ignore the sphere 
of the stars to vindicate the inspired wisdom of the ancient 



THE ASTRONOMY OF PRECISION 279 

Orientals — the count of actual planets being once more unchal- 
lengeably Seven. 

Obviously, man’s astronomical wisdom was at last complete. 

The Perfect solar system, of approved cabalistic design, stood 
revealed. There remained nothing to discover. 

So reasoned Hegel, Germany’s great philosopher, at the close 
of the eighteenth century. 

He reasoned with pious fervor, and not without cause, for 
it appeared that iconoclastic astronomers of the period had raised 
a question as to whether there should not be another planet, to 
occupy what seemed to them a gap in the sequence of the plane- 
tary bodies, between Mars and Jupiter. 

An astronomer named Bode had devised a sort of rule-of-thumb Bode’s 
which he brought to the attention of the world in 1772 (one 
Titius of Wittenberg is said to have conceived a similar idea 
even earlier), according to which there is a curious kind of regu- 
larity in the relations of interplanetary spaces one to another. 

The scheme is this: 

Write a series of 4’s. To the second 4 add 3; to the third add 
3x2, or 6; to the fourth, 3x4, or 12; and so on, doubling the 
added number each time, as in the accompanying scheme. 


4 4 

4 

4 

4 

4 

4 

3 

6 

12 

48 

96 

192 

7 

10 

16 

52 

100 

196 

Mercury Venus 

Earth 
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Jupiter Saturn 

Uranus 


The resulting numbers, divided by 10, are pretty nearly the 
true mean distances of the planets from the sun, in terms of the 
radius of the earth’s orbit. 
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Professor Young, •whose table I am here using, goes on to say 
that the “law” breaks down completely in the case of Neptune. 
But of course Neptune was not yet discovered when the law was 
put forward. And the significant thing at the moment is that 
there was no planetary body at all to occupy the position between 
Mars and Jupiter, where the “law” urgently called for such a 
body. 

Hence the proposed quest of the astronomers. 

And now speaks the voice of authority. The Ol3mipic Hegel 
rebuked the iconoclasts; pointed out that since seven planets 
were already known, it would be not only futile but hardly less 
than impious to attempt to find another. Never yet was there 
true epistomologist for whom metaphysical traditions did not have 
the force of unalterable law. 

Piaaa’s But just at the moment when the mandate of the oracle was 
Discovery practical star-gazer down in Italy, the hitherto obscure 

Piazzi, fixed his telescope by accident on an unknown star that 
wandered a little, and so at first was thought to be a comet, but 
which was presently shown to be a planetary body occupying 
precisely the position between Mars and Jupiter where Bode’s 
rule-of-thumb table showed a vacancy. 

A very small planet, it is true; but a body circling about the 
sim precisely as the other planets do — a, major planet in position, 
even if only a very minor one in size. 

Almost a profane body, in the eye of tradition, because it 
added an eighth to the already complete coterie of the solar 
hierarchy. 

A small planet, yet large enough to challenge effectively the 
sacredness of that cabalistic number seven, which had so strangely 
dominated the minds of the oriental dreamers, and which (de- 
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spite the planetary exorcism) would still continue to cast its 
shadow across the path of civilization for generations to come. 

Superstition, like the scotched snake, does not instantly re- 
lease its coils, when new truth gives it quietus; but the dis- 
covery of the eighth planet gave sure augury of a time when 
the mystic seven would cease to be potent in human affairs — 
when, for example, it would not longer be considered impious 
to conduct normal human activities on the seventh day of the 
week. Perhaps, even, when the seven-day week itself would be 
superseded by a more convenient unit. 

Once more astronomy had achieved a triumph — or near 
triumph — over anthropomorphic tradition. 

But now came a surprise for the astronomers in their turn, a Great 
For the very next year, Dr. William Olbers, the wonderful physi- 
cian-astronomer of Bremen, while following up the course of 
Ceres, happened on another tiny moving star, similarly located, 
which soon revealed itself as planetary. Thus two planets were 
found where only one had been expected. 

Dr. Olbers, who made the discovery, was one of the company 
of famous astronomers (as Piazzi was not) who had been on the 
point of searching for the new world when the Italian anticipated 
their quest. To his discovery, owing to his fame, there attached 
a measure of authenticity that did not attach to the observation 
of the less-known Italian. The fact that a second planet existed, 
in about the same orbit as the first, was puzzling. We diall see 
in a moment that Dr. Olbers himself offered the explanation. 

But before that we must pause to learn something about the 
physician-astronomer himself. 

The name of Heinrich Wilhelm Mathias Olbers — ^how Teu- 
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tonically sonorous a collocation! — ^is one of the great names in 
the annals of astronomy. 

It almost rivaled the names of Herschel and Laplace, whose 
owners were slightly elder contemporaries of the ph3rsician- 
astronomer, during the first quarter of the 19th century; matched 
the namps of the slightly yoimger contemporaries Bessel and 
Struve in the ensuing decade; and became a permanent remem- 
brance, as that of one who had made fundamental contributions 
both to fact and to theory in the field of solar astronomy. 

Dr. Gibers was another of the notable company of astronomers 
who achieved fame as an amateur. 

Like Bradley and Herschel he had another profession than 
star-gazing when he made his momentous discoveries. But un- 
like the others he remained an amateur to the end of his life. 
For forty years he practiced medicine at Bremen, and when 
he retired from his vocation, he continued to practice his avoca- 
tion during the goodly term of “improbable years” allotted him, 
in his own private observatory, at the top of the house where 
he had all along resided. 

Again, this amateur astronomer had precocity of genius — 
like Horrox and Halley of the earlier centuries and Goodricke, 
his own early contemporary. And like Halley (but not the other 
two) he was to live, as we have seen, to follow up the promise 
of his youth, and to show that brilliant early achievement does 
not necessarily exhaust the flame of genius. 

You may ask how a man who was occupied year after year 
in the arduous practice of the medical profession found time to 
compete on a par in accomplishment of practical observation 
and of mathematical speculation with the great professional exem- 
plars of another profession. 
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The answer is that the exceptional physical endowment of the 
Bremen physician made this readily possible. Throughout his 
life he enjoyed superb health. And he was so constituted that he 
required only four hours of sleep out of twenty-four. 

Thus each day he had twenty hours of conscious life, as 
against the sixteen hours of the average mortal. 

If you will make a brief computation, simple arithmetic wiU 
show you that this means 140 hours in which to be really dive, 
instead of 112, each week — 7280 living hours per year, instead 
of 5820. Virtually a gain of 1460 hours of life per year. And 
the Bremen physician had full three score such years in which 
to utilize those extra hours, beyond the time when, while yet 
a medical student, he performed the feat which gave him fame 
in the astronomical world. 

The accredited span of his life was 82 years; but the hours 
of his conscious activity were those of a centenarian. 

The accomplishment that gained fame for young Olbers while A Mathe- 
he was a medical student, was of a character to show not alone physician 
precocity but versatility of genius. For it was a mathematical 
calculation — ^the demonstration of an original method of com- 
puting the orbit of a comet. 

That is not the kind of investigation that one would expect 
of a medical student, genius or no genius. 

But this particular medical student had a penchant for the 
physical sciences no less than for the biological. At Gottingen, 
while his chief business was the study of medicine, he attended 
lectures in mathematics also. 

Doubtless the 20-hour day gave him time for this, while he 
could still keep in the van of his medical classmates. 

It was while watching at the bedside of one of these confreres. 
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on a memorable night, that young Olbers thought to pass the time 
of vigil, while the sick companion slept, by speculating on the 
mysteries of the orbit of comets, a subject then — as before and 
long after — of particular interest to astronomers, and of more 
than incidental interest to the public at large, as bearing on 
the question of the supernatural origin of these strange visitants. 

Needless to say, the yoimg medico had no illusion as to the 
“natural” state of comets. He was concerned only to find a 
way of computing the orbit of a comet, based on three or four 
observations, so that the whereabouts of the comet during the 
long term when it was not near enough to be visible could be 
predicated. 

Sitting there in the sick room that night, he found such a 
method — ^thanks to his native endowment of imaginative genius, 
fortified by acquired knowledge of mathematics. 

Considering only comets in general and not any particular 
individual of the clan, he developed a formula, based on three 
suppositions whereby, using four equations, “treating as unknown 
the curtate distances of the comet from the earth, the assump- 
tion that seems to me the most tractable,” the problem was 
solved. 

The precise equations involved, and their solution, are matters 
only for the initiate. But competent critics of our own time 
declare that this was the first satisfactory method for determin- 
ing cometary orbits, and that it remains the accepted method 
of our own day. 

That was a strange outcome of a yoxmg man’s vigil at the 
bedside of a medical classmate. 

Had not the classmate fallen ill, it is not unlikely that the 
comet might for another generation or two have maintained its 





Plate XITI: Heinrich Wilhelm Matthias Olbers (1758-1851) 
(Crow-quill interoretation of engraving in Williams' Story of 
Nineteenth Century Science. Original source untraced) 
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traditional role of an erratic messenger, whose vagaries spelled 
puzzlement even for the astronomer. 

Halley, himself a mathematical genius, had indeed unmasked 
the comet a century before, predicting the return of the member 
of the family that (coming back obediently in 1758) was thence 
forth to bear his name. 

But it remained for young Olbers to complete the disrobe- 
ment of the spectacular pretender, and to place in the hands 
of the astronomers a mathematical apparatus by which they 
cotild expeditiously demonstrate that any new comet that might 
appear could be brought into the orderly scheme of movement 
of other bodies of the planetary system. 

We shall see a little later that the young man who thus bearded 
the comet in its orbit was at a later day — ^now become a full 
fledged medico, pursuing his vocation at Bremen— to complete 
the humiliation of the comet by his natural explanation of the 
spectacular appendage which had all along been the chief stock 
in trade of the comet as a terrorizer. 

Also that the phj^sician, peering through his telescope during 
those extra hours of the night when most folks are asleep, was 
to discover sundry new comets, notably a spectacular one in 
1815, which thence forth was to bear his name. 

But for the moment we are concerned chiefly with more con- 
ventional members of the planetary family; in particular with 
the newly discovered company occupying that vacant space be- 
tween Mars and Jupiter, whose second member, as we have seen, 
fell to the telescope of the physidan-astronomer of Bremen. 

There is, to be sure, an apparent rdationship between these 
little planets — ^which were variously christened “asteroids” and 
“planetoids” — ^since small tailless comets, which are far more 
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abundant than large ones with tails, may readily be mistaken 
for little planets of the new order. 

We have seen that Piazd, when he first saw Ceres, mistook 
it for a comet. Its planetary nature was demonstrated only when 
its orbit had been charted by the mathematician Gauss. And, 
indeed, the new planets, because of their exceedingly small size, 
seemed almost as anomalous members of the sun’s family as 
the comets themselves. 

There was this notable difference, however, that the little 
planetoids were swinging about the sun in elliptical orbits quite 
comparable to those of the major planets. 

The small size of the newcomers made it seem rather less 
strange that they were twins, so to speak, yet was a fact calling 
for explanation. 

The e3q)lanation came from Dr. Gibers himself, who suggested 
that Ceres and Pallas, as he called his captive, might be frag- 
ments of a quondam full-sized planet that had been shattered 
by internal explosion or by the impact of a comet. Other similar 
fragments, he ventured to predict, would be found when searched 
for. 

William Herschel gave the sanction of his great authority to 
this theory, and suggested the name asteroids for the tiny planets. 

The explosion theory was supported by the discovery of an- 
other asteroid (or planetoid as they are now preferentially called) 
by Harding, of Lilienthal, in 1804, and it seemed clinched when 
Gibers himself found a fourth in 1807. 

The new-comers were named June and Vesta respectively. 

At a later day, as we shall see, the finding of new planetoids 
was to become a commonplace, though the fifth member of the 
dan was not discovered until 1845, when a Prussian amateur 
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astronomer named Hencke, by this discovery, aroused new 
interest and started a lasting fashion in planetoid-hxmting. 

We shall hear more about the planetoids later. Here it remains 
only to say an additional word about the explosion theory, of 
their origin. Dr. Olbers advanced the theory tentatively, but it 
came to be generally accepted. It seemed to explain the anomaly 
that the largest of the new members of the sisterhood of planets 
were but a few hundreds of miles in diameter. 

But, as is the fate of theories in general, when given recogni- 
tion chiefly because of the fame of their proponent, this explosion 
theory was destined to be discredited after a generation or two 
of popularity. 

When, at a later day, many planetoids were in evidence, it 
was found that their orbits of revolution do not have any one 
point of intersection, as might be expected if they are all of a 
common origin, and this fact was held to negative the explosion 
theory. It chanced that the first four planetoids discovered do 
have intersecting orbits. It was admitted, too, that gravitational 
disturbances might have perturbed the orbits of the little planets 
so that they would no longer coincide even if they had originally 
done so. 

But on the whole, the evidence seemed to cold-shoulder the 
explosion hypothesis. 

And yet, in our own day — ^and here again history repeats 
itself — ^the Olbers theory has been revived, in slightly modified 
form. It is suggested that the planetoids might plausibly be ac- 
counted for as fragments of a planet of similar orbit, which 
inadvertently came too near the giant Jupiter and so through 
operation of the principle of what is called Roche’s limit (with 
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which we shall elsewhere make further acquaintance) was dis- 
rupted and strung out into fragments with explosive abruptness. 

So perhaps the physician-astronomer was right after all. In 
any event, the new system of planetoids, like the new theory of 
comets, must always be associated with his name. 


XXI 

JOHN HERSCHEL — STRUVE — ^BESSEL — SOUNDING 
THE UNIVERSE 

W HEN John Herschel, the only son and worthy successor of 
the great Sir William, began star-gazing in earnest, after 
graduating senior wreingler at Cambridge, and making two or 
three tentative professional starts in other directions to which 
his versatile genius impelled him, his first extended work was 
the observation of his father’s double stars. His studies, in which 
at first he had the collaboration of James South, brought to 
li^t scores of hitherto unrecognized pairs, and gave fresh data 
for the calculation of the orbits of those longer known. 

So also did the independent researches of F. G. Struve, the 
enthusiastic director of the famous Russian observatory at the 
University of Dorpat, and subsequently at Pulkowa. 

Utilizing data gathered by these observers, M. Savary, of 
Paris, showed, in 1827, that the observed elliptical orbits of the 
double stars are explicable by the ordinary laws of gravitation, 
thus confirming the assumption that Newton’s laws apply to 
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these sidereal bodies. Henceforth there could be no reason to 
doubt that the same force which holds terrestrial objects on our 
globe pulls at each and every particle of matter throughout the 
visible universe. 

The pioneer explorers of the double stars early found that the 
systems into which the stars are linked are by no means con- 



Fig. 49. — Friedrich Georg Wilhelm von Struve (1793-1864). (Re- 
drawn from Shapley and Howarth’s Source Book in Astronomy. Source 
of original not stated.) 

fined to single pairs. Often three or four stars are found thus 
closely connected into gravitation systems; indeed, there are 
aU gradations between binary systems and great clusters con- 
taining hundreds or even thousands of members. 

It is known, for example, that the familiar cluster of the 
Pleiades is not merely an optical grouping, as was formerly sup- 
posed, but an actual federation of associated stars, some two 
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thousand five hundred in number, only a few of which are visible 
to the unaided eye. And the more carefully the motions of the 
stars were studied, the more evident it became that widely sep- 
arated stars are linked together into infinitely complex systems, 
as yet but little understood. At the same time, all instrumental 
advances tended to resolve more and more seemingly single 
stars into dose pairs and minor dusters. 

The two Herschels between them discovered some thousands 
of these dose multiple systems; Struve and others increased the 
list to above ten thousand; and at a later day, S. W. Burnham, 
the most enthusiastic and successful of double-star pursuers, 
added a thousand new discoveries while he was still an amateur 
in astronomy and by profession the stenographer of a Chicago 
court. 

It began to be dear that the actual number of multiple stars 
is beyond all present estimate. 

The elder Herschel’s early studies of double stars were under- 
taken in the hope that these objects mi^t aid him in ascertaining 
the actual distance of a star, through measurement of its annual 
parallax — ^that is to say, of the angle which the semi-diameter 
of the earth's orbit would subtend as seen from the star. 

The expectation was not fulfilled. The apparent shift of the 
position of a star as viewed from opposite sides of the earth’s 
orbit, from which the parallax might be estimated, is so ex- 
tremely minute that it proved utterly inappredable, even to the 
almost preternaturally acute vision of Herschel, with the aid of 
any instrumental means then at command. So the problem of 
star distance allured and eluded him to the end, and he died in 
1822 without seeing it even in prospect of solution. 

His estimate of the minimum distance of the nearest star, 
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based though it was on the somewhat fallacious test of apparent 
brilliancy, was a singularly sagacious one, but it was at best a 
scientific guess, not a scientific measurement. 

John Herschel had not the dynamic genius of his father — Sir John 
there are not two men like the elder Herschel bom in any cen- 
tury — but he was none the less a man of brilliant intellect. In Cape of 
charm of personality he ranks with his forerunner Halley, as Hope 
also in breadth of culture and variety of interests. 

While stiU a young man, Herschel confirmed his father’s dis- 
coveries of nebulae, adding many new nebulae and clusters. He 
also added more than 3000 new double stars to the list his father 
compiled. 

Doubtless he had learned the art of telescope-making from 
his father. At all events, he made an eighteen-inch reflector of the 
finest quality — and the making of large reflectors was an art 
that the elder Herschel had developed for himself, and in which 
he had no competitor. 

In 1834, John Herschel went to the Cape of Good Hope, where 
he remained for four years, and did a very remarkable piece of 
work in the way of gauging fields of stars. His method, originally 
devised by his father, was to count the stars in here and there 
a field — it being quite impossible in any one man’s life time to 
count more than a small fraction of the total number in the sky, 
as revealed by a large telescope. The number of fields in which 
he did make the coimt, however, was 2299. He also measured 
over 2000 double stars and nearly 2000 nebulae. In particular 
he examined with great care the remarkable “Magellanic Clouds,” 
a pair of nebulae that are among the outstanding spectacles of 
the southern hemisphere. 

In those pre-photographic days, every star had to be located 
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by individual observation. Moreover the telescopes had no me- 
chanical driving apparatus to keep them fixed on the star. And 
needless to say there was no electrical equipment for convenient 
shifting of domes or platforms. 



Fig. $ 0 . — ^This type of meridional mounting is indispensable for 
noting the exact time of a star’s meridian passage, but cannot follow 
the star. 

Modem observers, accustomed to these mechanical aids, look 
back with astonishment upon the work achieved by Herschel 
and his fellow workers of that period, when star-charting meant 
star-gazing hour after hour, accompanied by a by no means 
negligible modicum of manual labor. 

The reflecting telescope is adapted rather for surveying con- 
siderable fields of stars, interpreting nebulae, and general celestial 
map-making, rather than for meticulous measurement of the 
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position and possible movement of individual stars. In any event, 
it was this field of star gauging, to gain an idea of the actual 
number of stars in the celestial system (by comparing the ag- 
gregate area of the fields gauged with the total area of the 
heavens) that engaged Herschel’s attention. He dealt with stars 



Fig. si. — ^M ounted thus the telescope does not follow a star when 
rotated unless constantly shifted meridianly. 

en masse, rather than with individual members of the sidereal 
family. 

There were other equally assiduous star-gazers, however, who 
worked with instruments of a different type, and while devoting 
no little time to star-charting, gave attention also to specialized 
studies of individual stars, in the hope of solving the old elusive 
problem of parallax. 
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Foremost among these were the Russian astronomer, Fried- 
rich Georg Wilhelm Struve (1793-1864), first director of the 
Pulkova Observatory, and the German Friedrich Wilhelm Bessel 
(1784-1846), director of the observatory at Konigsberg. Both 
these men, working independently at the same problem, achieved 



Fro. 52.— A Primitive But Typical “English” Equatorial Mounting. 
(Adapted from Chambers’ Pictorial Astronomy,) The upright support 
is parallel to the earth’s polar axis; therefore the rotating telescope 
follows the path of a sidereal body. 
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the hitherto impossible. It was Bessel, however, whose work first 
received official recognition, as we shall see in a moment. 

Bessel, come now to be the foremost astronomer of Europe, 
was originally a protege of the great Dr. Olbers. 

Indeed, Olbers was accustomed to declare that the greatest 
service he ever rendered astronomy was the discovery of Bessel. 

When the youth first came to the attrition of the great physi- 
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dan-astronomer, he was acting as a derk in a Bremen mercantile 
house. Olbers presently seemed for him the post of assistant in 
the observatory at Lilienthal, with a salary of one hundred 
thalers a year. 



Fig. S3. — Reflecting Telescope on “English” Equatorial Mounting. 
(Adapted from photograph of ^e Crossley Reflector at lick Observa- 
tory.) 

After that Bessel was able to account for himself, but he re- 
mained very grateful to his benefactor, and Olbers, to the day 
of his death, regarded his successor with the affection of a father. 

It was no mere personal liking, however, but the recognition 
of sterling qualities that led Dr. Olbers in the first instance to 
take an interest in the young derk. 

Young Bessel was preeminently distinguished from boyhood 
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with those qualities of “ambition, imagination, and the will to 
work” which have been predicated by a philosopher of our own 
day as the guarantees of success. 

Thus we are told that the clerk, “wishing to travel, and seeing 
a possible opening as supercargo, studied languages, geography, 
picked up all sorts of information on the habits of distant peoples, 
and learned something of navigation. And from navigation, he 
was led on to astronomy and mathematics.” 

I am here quoting our own distinguished astronomer, Dr. 
Charles G. Abbot, of the Smithsonian Institution, who goes on 
to say that Bessel “made for himself a sextant, and, observing, 
with the aid of a common dock, amused himself with determin- 
ing the longitude of Bremen. This fixed his career. Coming upon 
some old observations of Halley’s comet, Bessel deduced from 
them so good an orbit as to charm the celebrated Olbers, who 
caused the work to be published.” 

That was how it came about that Dr. Olbers presently se- 
cured the position for Bessel in the observatory. Meantime the 
young enthusiast had filled in his leisure hours by mastering the 
calculus and the Micamque C&este, of Laplace — ^that great 
work which ranks only second to Newton’s Princifia among 
the mathematical productions of the modern epoch. 

One might continue the story by telling how Bessel at a later 
day, after he had gained fame by developing a mathematical 
method for “reducing” the positions of the stars (for-^j^uric 
and solar parallax, for refraction of light, for precession, aberra- 
tion, and nutation), thus giving new value to the old star-craft, 
and had made a wonderful star-chart of his own with a census 
of 50,000 stars, discovered a yoimg man named Argelander, and 
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drew him away from the counting house, even as Olbers had 
drawn himself away. 

And how this Argelander was famous in a later day for pub- 
lishing the great “Bonn Durchmusterung ” — a star-chart with 
corresponding “Atlas” in which are found places and brightness 
of over 324,000 stars, including all in the northern heavens to 
the 9th magnitude, or some twenty times fainter than the eye 
can see. 

The story might be completed by noting that one of Arge- 
lander’s pupils, the American B. A. Gould, extended the “Durch- 
musterung” to the south pole of the heavens, producing a chart 
of the southern hemisphere that ranks among the great historical 
star-maps. 

But although these are matters of no small interest, our present Bessd 

concern is mainly with that most spectacular of all Bessel’s 

achievements, the determination of the parallax of a star. Hfe 

Victorv 

It was under date of October 23, 1838, that the now famous 
German astronomer wrote a personal letter to the equally famous 
Sir John Herschel, who had recently returned to England from 
his famous exploration of the southern heavens. 

The letter itself became at once an historical documoit of no 
little significance in the archives of astronomy. For it told of the 
solving of a star-problem that had foiled hundreds of searchers 
of earlier generations. 

In a word, Bessel had succeeded at last in measuring the 
parallax of a star. 

His letter refers to this as the “obtaining of a long-looked-for 
result,” which he presumes will interest so great and zealous an 
explorer of the heavens as Herschel, whom he addresses directly 
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because, speaking to a colleague, be can write in his own language, 
and thus secure his meaning from indistinctness. 

Needless to say the letter was received with enthusiasm. The 
technical data it contained were placed before the council of the 
Royal Astronomical Society, and in due course it was adjudged 
that Bessel had indeed attained the goal, and that it would be 



Fig. S4-— F. W. A. Argelander (1799-1875). (Pen sketch after photo 
by Augustin Rischgitz.) 

laudable and expedient to confer on him the gold medal of the 
society. 

The address on the occasion of the conferring of this well- 
merited honor was made by Sir John Herschel himself, and this 
address also takes place in the archives of astronomy, among 
classical documents, because it details with astonishing rlpam es s 
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— considermg the technicalities of the subject — ^the method that 
Bessel had used and the precise character of his accomplishment. 

At the same time, with singular tact and felicity, reference is 
made to the efforts, apparently both successful, of two other 
investigators who almost simultaneously, or indeed just in ad- 
vance of the German astronomer, had attained similar goals. 

The two other star-gazers in question were the distinguished Three 
Russian, Friedrich Georg Wilhelm Struve, and the Englishman 
Thomas Henderson. 

It appeared that the last named astronomer, observing at the 
Cape of Good Hope, had been the very earliest of the three to 
measure a star-paraUax, and that the Russian’s apparently suc- 
cessful effort slightly antedated the conclusion of Bessel’s seria 
of observations. 

Moreover, time was to show that the results of both Hender- 
son and Struve were valid, so that the English astronomer stands 
as the first man in the world to attain succas in a star-measure- 
ment so exquisitely delicate as to have come to be regarded by 
many practical astronomers as unattainable. 

That Basel should have been awarded the medal of the Royal 
Astronomical Society, while thae amicable rivals received only 
honorable mention, was explained by the spokesman for the 
donors of the trophy and fully justified. The ground for this 
decision was that Bessel’s measurement was of so convincing a 
character as to leave scarcely a possibility of doubt that it rep- 
resented an apparent shift of a star’s position not otherwise 
explicable than as true parallax. 

That is to say, a shift due to the orbital change of the earth’s 
position, and not to any one of the remaining possible causes. 

It will interest the layman, and give a realizing sense of the 
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difficulties involved in the investigation, to note that Herschel 
states, as the only thing that can “possibly be cavilled at is the 
shortness of the period embraced by the observation — ^namely 
from August, 1837 to the end of March, 1840.” 

Something less than three years of continuous effort — the ob- 
servations commonly repeated, as Bessel himself reported, six- 
teen times every night — seemed a short time in which to note 
and verify the oscillations of the star, though the shift of ap- 
parent position searched for is due solely to the change in posi- 
tion of the earth, which of course makes the full circle in a 
single year. 

Herschel goes on to explain, however, that even the “brief” 
three-year period admits of five intersections of each curve with 
its axis, and of two maxima and two minima in the excursions on 
either side, gives ample room for testing a curve representing 
the observed shift of the star with theoretically true parallactic 
curves. “Under such circumstances,” he continues, “it is quite out 
of the question to declare the whole phenomenon an accident or 
an illusion. Something has assuredly been discovered, and if 
that something be not parallax, we are altogether at fault and 
know not what other cause to ascribe it to.” 

Such is the language of scientific caution. 

To the uninitiated, the implications of the comment are clear 
only when it is recalled that there are various other apparent 
shifts of position of a star under such critical examination, due 
to the fact that our earth is progressing through space in a 
course far more complex than consideration of its orbital sw in g 
alone would suggest. 

A moment’s reflection will make the conditions clear, at least 
as to their general terms. 
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Obviously the observer who looks through the telescope is 
moving eastward, with the rotation of the earth, at a rate suf- 
ficient to carry him round the world in twenty-four hours — 
that is to say with a speed varying from looo miles an hour 
at the equator to half that rate at the sixtieth parallel of latitude. 

Secondly, the earth is rushing forward in the great circuit of 
its orbit at the rate of about 19 miles per second. 

In the third place, the earth, with the entire solar system, is 
moving at the rate of something over 12 miles a second in the 
general direction of the bright star Vega in the sky of the north 
polar region. 

If you attempt mentally to envisage these three motions of 
translation, combining them into a curve to represent the actual 
line of movement in space, an impression is gained of a vague 
tortuous spiral — a. sort of corkscrew course — ^through the con- 
fines of space, which assuredly require the attention of a skilled 
mathematician for its accurate charting. 

But that is by no means the end. 

We must recall that by virtue of the earth’s movement and 
the fact that the transition of light is not instantaneous, there 
are the phenomena of aberration of light (Bradley’s discovery 
will be recalled), to be dealt with. Also the phenomena of nuta- 
tion, because of that never-ending nodding of the earth’s axis 
as it swings in the great circle which results in the far slower 
but not altogether negligible shift called precession, which is 
further accompanied by a minute change in the obliquity of 
the elliptic. 

If we are to take into accoimt all these movements, assuredly 
the problem becomes complex almost beyond solving. 

Not so for an astronomer, however. In particular, not so for 
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Bessd, since he it is who has applied keen mathematical in- 
sight to the solving of these precise puzzles — and in so doing 
has taught his confreres how to interpret more accurately the 
star-charts of earlier observers, including the notable one of 
Bradley himself. 

But there are still other possible complications that must be 
considered, ori gina ting at the other end of the line, as it were. 

There is the possibility that the stars under observation, in 
addition to the shifts of apparent position due to the causes 
just outlined, have also actual motions of their own. 

Indeed, it is certain that there is actual motion in the case 
of the chief object to be observed, which is known as 61 Cygni 
(number 61 in the constellation Cygnus), because this is a double 
star, the components of which are necessarily revolving about a 
common center. 

The revolution is so exceedingly slow that it seems negligible. 
But no possible movement can be entirely ignored when a residual 
movement so exceedingly minute as the possible parallax of the 
star is being searched for. 

As to the two other stars, designated merely “a” and “b,” 
which serve as fixed points of reference (one Ipng in direct line 
of the axis of 61 Cygni’s two components, and the other at right 
angles), they are believed to be vastly more distant, and there- 
fore less subject to apparent shift of position from any cause. 

Yet the fact cannot be ignored that either one or both may 
have an actual motion of its own, across the line of sight, of 
sufficient magnitude to introduce a disturbing element in the 
measurements. 

And now perhaps we understand why, in attempting to de- 
termine the parallax of 61 Qrgni, it was not sufficient to make 
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accurate measurement of the relation of that double star to the Difficul- 
two neighboring stars on a certain night, and to repeat the ob- 
servation on another night six months later — and then to assume 
that any difference between the two measurements represents 
the parallax of 6i Cygni. 

We begin to understand why it was necessary to make ob- 
servations night after night, and even sixteen times every night, 
and to continue this series week after week and month after 
month. 

And why, in the end, having made meticulous comparison of 
the measurements of each and every observation of all the thou- 
sands, it should seem to that other practical star-gazer, Herschel, 
that perhaps the series was rather small, covering a total period 
of less than three years (the total number of nights being, say, 

940, and the aggregate observations numbering only 15,000) to 
give data for comparison adequate to prevent possible “cavilling.” 

Yet we must recall that Herschel himself did not cavil. On the 
contrary, he declared unequivocally that a definite phenomenon 
of star-movement (that is to say, apparent movement) had been 
revealed, which could not be accounted for by any and all of 
the disturbing factors that have just been outlined — ^wherefore 
it must be assumed that a certain residual movement is to be 
interpreted as actual parallax. 

The amount of this residual movement, it is noted, is less 
than one-third of a second of arc— thirty one-hundredths of a 
second to be exact (and if ever one is to be exact, here certainly 
is the place for it). 

The interpretation of this infinitesimal parallax — ^which rep- 
resents the angles subtended by the semi-diameter of the earth’s 
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orbit as viewed from the star — ogives the distance of the star 
from the terrestrial observer. 

It is 670,000 times the distance of the sun. 

“Such,” said Herschel, “is the universe in which we exist, 
and which we have at length found the means to subject to 
measurement, at least in one of its members, probably nearer to 
us than the rest.” 

To appreciate the note of exultation in that pronouncement, 
and to endeavor to appreciate the wonderment with which the 
pronouncement was doubtless received, we must recall that this 
verdict, given in the year 1841, was the first official recognition 
of the observation of the parallax of a star as a fact accomplished. 

For the first time in the history of the world the distance of 
a star had been actually measured. 

For the first time the hither confines of the stellar universe 
had been sounded. 

For the first time could the distance of any star be stated in 
terms of measurement and not of mere conjecture. 

The elder Herschel, father to the almost equally distinguished 
astronomer who now voiced the verdict of his official confreres, 
had made conjectures as to the depth of the galactic system that 
remain to this day astonishing approximations. 

But these were confessedly only inspired guesses. 

There was no guesswork involved in the interpretation of the 
thousands of observations that led to Bessel’s parallactic de- 
termination. These were measurements made with delicacy that 
would have been impossible in an earlier generation, because 
thqr lacked the extraordinary heliometer-lens (a bisected lens, 
the two halves sliding past each other) of the great optician 
Fraunhofer. 
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Lacking that aid, even the keen-eyed Bessel could not have 
discriminated with sufficient accuracy to give data from which 
that residual thirty one-hundredths of a second of arc could be 
sifted out. 

It was the same instrument that revealed to Bessel certain 

Stars 

movements of numerous other stars, not to be accounted for as rsscov- 
parallax or by any of the other vagaries of movement, but which 
were interpreted as oscillations, proving that an invisible com- 
panion star was revolving in an orbit with the visible one, — 
which thus was revealed as a member of a binary system. 

These observations being confirmed, and similar observations 
made of the like oscillations of other stars, it was for the first 
time revealed to the world that there are dark stars no less 
than bright ones in the stellar system. 

Some of these “dark” stars were subsequently to be revealed, 
under higher powers of the telescope, as in reality bri^t, but 
too small to be visible through ordinary telescopes, or so near 
their primaries as to be quenched in the dazzling brightness of 
the larger body. Such proved to be the case, with the hypothetical 
companion of the brilliant Sirius, predicted by Bessel, but first 
se^ a good many years later by the American optician Alvan 
Clark, who had pointed a new telescope at Sirius, partly to test 
the optical qualities of the lens. 

We shall hear something more of this companion of Sirius, 
which was to become famous at a later day as the type of “white 
dwarf” star. 

There are many others of the binary systems, however, in 
which the invisible companion star is unrevealed by the most 
powerful modem telescopes. And it is quite appropriate that this 
aspect of sidereal astronomy, as first revealed by the keen ob- 
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servations of Bessel, should be spoken of as the astronomy of 

the invisible. 

At a later day, the spectroscope was to show that the census 
of double stars is enormous. 

Throughout antiquity and until the time of Herschel, it was 
never suspected that stars exist in actual pairs. At all events the 
early users of the telescopes, who had come fully to recognize 
that the universe has depth as well as breadth, regarded the 
apparent proximity of pairs of stars as an accidental optical 
effect, one member of the seeming doublet being supposed to be 
far more distant than the other. But later observation revealed 
that, when viewed telescopically, one star in nine of all the 
naked-eye stars is a visual doublet, or binary; and that when 
spectroscopic doubles are added, a full third of all naked-eye 
stars (that is to say, of the total starry firmament of pre-tde- 
scopic days) are binaries. 

Thus the astronomy of the invisible is found to be comparable 
in importance to the astronomy of the visible. The heavens teem 
with revolving systems, each of which may be regarded as an 
object lesson in truth at once of the Copemican system and of 
the law of universal gravitation. 

Had there been skeptics remaining at the middle of the 19th 
century to challenge the truth of either thesis, the parallax studies 
and the opening up of the astronomy of the invisible would have 
given them adequate answer. 

A concluding word as to the astounding magnitude of the star- 
distances now first definitely revealed. 

It is needless to repeat that these distances are quite beyond 
comprehension. Yet one cannot avoid seeking illustrations that 
will serve to give them at least a measure of tangibility. Here is 
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one of the many suggestions that at one time or another I have 
found useful in presenting the subject to a popular audience. 

The distance of the nearest star, Alpha Centauri (the bright- 
est star in the constellation of the Centaur), which was the star 
measured by Henderson, may be roughly stated as twenty-six 
trillion miles — 26,000,000,000,000. 

It does not help us much to note that this distance is equivalent 
to a billion trips around the globe at the equator. But suppose 
we try, in imagination, to make a demonstration in which we use 
a few million carloads of rolls of surgeons’ plaster, each roll a 
wheel two inches wide and big enough to hold 12,000 miles of 
plaster. 

Each roll, then, will enable us to put a strip of plaster from 
pole to pole across the zones, — a strip of plaster stretching like a 
meridian up and down the cheek of the world, as a surgeon might 
start to bandage the swollen face of a patient. 

This strip, extending from pole to pole is, be it recalled, only 
two inches wide. Now I purpose to put beside it another strip, 
slightly over-lapping, and then another and another, with the 
intent to bandage thus piecemeal the entire globe. 

We shall need no fewer than two billion rolls of plaster like 
the first. But fortunately that is the supply provided by the 
length of strips that in the aggregate would reach to the star. 

With this supply available, we have only to add strip to 
strip, each slightly overlapping, and if we persist long enough, 
until the last roll is manipulated, we shall have covered the en- 
tire surface of the globe with a solid sheath of surgeon’s plaster. 

And as we contemplate our big patient thus encased in two- 
inch strips — ^two billion of them each 12,000 miles in length — 
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we perliaps gain a somewhat more tangible conception of the 

distance of a star than mere words can convey. 

And this be it remembered, is the nearest star. The next near- 
est are two or three times as far away. It is computed that the 
average distanre of the first magnitude stars is to be measured 
not in mere trillions but in scores of quadrillions of miles, and 
that the average eighth magnitude star is twenty times even that 
ridiculous distance. 

If we were to bandage the earth on the basis of the distances 
of these stars, we should have not merely one layer of plaster, 
but thousands of layers. 

And eighth magnitude stars, of course, are only in the mid- 
ground of the sidereal picture. The stars that are really distant 
are the fifteenth or twentieth magnitude. One can hardly hope 
to find an illustration that would make their distances even 
vaguely tangible. 

The astronomer resorts to light-years (or to “parsecs” of three 
and a quarter light-years each) and treats these units with en- 
tire familiarity. After all, as Professor Holden remarks, the 
distance represented by 600 light-years — or 6000 or 6,000,000 — 
is no more inconceivable, properly speaking, than the distance 
represented by a single light year. 

The real marvel of it is that a mere human being on oxu: dust- 
speck planet could ogle a star through his telescope, and actually 
measure — ^measure, not guess at — distances that are memiingless 
from their very magnitude. 

One recalls the oft-quoted words of Laplace: 

“Contemplated as a whole, astronomy is the most beautiful 
monument of the human mind, the noblest record of its in- 
telligence.” 
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XXII 

ADAMS LEVERRIER — ^DARI^N COMPLETING 

THE SOLAR SYSTEM 

O N July 3rd, 1841, a young undergraduate of St. John’s 
College, Cambridge, wrote a memorandxun which is now 
preserved among the well-nigh sacred mementos of the college 
library. The name of the young man, who was to graduate as 
Senior Wrangler two years later, was John Couch Adams. 
What he wrote was this: 

“Formed a design, at the beginning of this week, of investigat- 
ing as soon as possible after taking my degree the irregularities 
in the motion of Uranus which are yet imaccounted for, in 
order to find whether they may be attributed to the action of an 
xmdiscovered planet beyond it; and if possible, thence to de- 
termine the elements of its orbit, etc., approximately, which 
would probably lead to its discovery.” 

After his graduation, the young mathematician did not for- 
get his project. 

On the contrary, he set to work rather promptly and worked 
assiduously, so that two years later he was able to communicate 
the results of his calculation to Prof. Challis, director of the 
Cambridge Observatory. The calculations were based on minute 
differences by which Urjmus was observed to depart from the 
orbit predicted as normal for that planet. 

Of course the disturbing influence of Jupiter and Saturn on 
the outer planet had been accoimted for. 

There remained a residual disturbance which could only be 
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explained by the supposition that there must be an exterior 
planet to exert a gravitational influence. 

Location of this planet was, as Adams had stated, the problem 
he set himself. 

When you reflect that Uranus, whose trifling departure from 
schedule was in question, is a planet so distant from the earth 



Fig. 55- — ^John Couch Adams (1819-1892). (Adapted from Hutchin- 
son’s Splendour of the Heavens. Macmillan Co. credited.) 

that it is almost always invisible to the naked eye, r anking only 
as a faint telescopic star, the project might seem utopian. 

The orbit of Uranus has a mean radius of more than one and 
three-quarters billion miles. 

It is so far away that if you draw a chart of the solar sys- 
tem to scale, with one inch for the distance between the sun 
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and the earth Uranus at nearest is eighteen inches from the 
earth. 

Light, traveling 186,000 miles per second, coming to us from 
the sun in eight minutes, requires two and a half hours to reach 
the orbit of our far-flung sister planet. 

But distances mean nothing to the mathematicians, and New- 
ton’s law of gravitation applies to a planet of billion-mile radius 
precisely as it applies to little Mercury, or to the moon, or to a 
falling apple. 

This is not to suggest that Adams’ task was a simple one. 
It involved intricate calculations, dse it would not have called 
for months of patient application. But one does not graduate 
Senior Wrangler at Cambridge without being a notable mathe- 
matician, so perhaps it was not altogether surprising (though it 
certainly does seem surprising on any basis), that the young 
man’s calculation was accurate, and led to the correct answer. 

At the point his figures indicated, located at so many de- 
grees of Right Ascension and Declination, so localized that a 
telescope directed to that point could readily detect it, was the 
planet, lying yet another billion miles beyond the orbit of Uranus, 
which had exercised the disturbing influence by tugging at the 
gravitational lines which are like invisible cables connecting 
every body with every other body in the universe. 

We know that this hypothetical planet was there, because 
Professor Challis directed his tdescope to this part of the heavens 
and on two occasions, at an interval of eight days, detected there 
a “star” which was afterward known to be not a veritable star, 
but the planet for which he was looking. 

But this observation, regrettable to say, did not constitute 
discovery of the planet. 
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For it appears that Challis had no chart of that particular part 
of the heavens, and hence was obliged to make successive ob- 
servations in order that by comparing the charts thus made, 
he could determine whether any one of the stars within the 
field of vision had changed position. 

It must be recalled that this was before the day of celestial 
photography, and that the observations were therefore of neces- 
sity made somewhat laboriously. 

Nevertheless the director of the observatory did make the 
observation, and had he not been unduly leisurely in compar- 
ing his two charts, he might perhaps have detected the slight 
but appreciable shift in position of one of his “stars,” — and the 
triumphant discovery would have been his reward. 

It was a regrettable, even if comprehensible, tardiness of ac- 
tion. But perhaps the observer may be excused, if not justified, 
by the fact that Sir George Airy, the Astronomer Royal of Eng- 
land, to whom the calculation of Adams had been submitted by 
Prof. Challis had been even more leisurely of action. He had 
allowed the precious document to rest in a pigeon-hole of his 
desk (or in some equally unprocreative location) for the best 
part of a year before returning it to the Cambridge astronomer 
with the suggestion that it mi^t be worth while to make a 
search for the suppositious planet to which the calculations 
pointed. 

The net result, then, was that the telescopic sky-sweep that 
revealed the planet masking as a star to the observer was made 
on August 4th and August 12th of the year 1846 — ^almost a 
twelve-month after the young calculator had submitted the re- 
sults of his mathematical toil for consideration. 
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An thereby hangs a tale which, for young John Couch Adams, Another 
speUed tragedy. 

For it chanced that over across the channel, in France, an- on the 

Xrstil 

other mathematician, not this time a tyro but a man of recog- 
nized authority, had been ardently pursuing the same quest — 
neither calculator knowing of the work of the other. 



Fig. s6. — J. J. Leverrier (1811-1877). (Adapted from photo of 

statue.) 


This Frenchman, Urbain Jean Joseph Leverrier had finished 
his calculations, and communicated them to the French Academy 
on August 31st, 1846 — four weeks lacking a day, as it chanced, 
from the occasion when Prof. Challis, over at Cambridge, had 
actually seen— but had not recognized — ^the object which this 
second mathematician had not run to cover with pencil and 
figures. 
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And during that term of weeks — ^perhaps because it was the 
holiday season, perhaps because he was not greatly interested — 
the Cambridge astronomer had not taken the trouble to com- 
pare his observations, and therefore had lost the prize that was 
fairly within his grasp. 

By his procrastination, he had withheld from young Adams 
the just reward that should have crowned his brilliant effort. 

Yet for another term of three weeks fate hung in the balance, 
for it was not until September 23rd that the letter which the 
French mathematician had sent to Dr. Galle of the Berlin Ob- 
servatory, reached its destination. 

Then the die was cast No longer was it possible that the pro- 
crastinator of Cambridge should retrieve his error. 

For the German astronomer lost no time whatsoever in turn- 
ing his telescope on the stars at the point indicated by Leverrier’s 
calculations. 

That very night he saw what looked to be a star in a posi- 
tion where no star appeared on a recently published chart of 
that part of the heavens. The next night it was seen that the 
suspected object had clearly shifted its position. 

Eureka! The far-flung planet, to be known in future as 
Neptune, had been discovered. 

The diameter of the solar system had been expanded by an- 
other billion miles; the area of the plane of its planetary orbits, 
more than doubled. 

History does not record how the director of the Cambridge 
Observatory and the Astronomer Royal of England felt, nor 
what, if anything printable, young Adams said. 

Except, indeed, that the young mathematician a few months 
later communicated a brief statement of his connection with the 
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discovery to the Royal Astronomical Society, in which he grace- 
fully acknowledges M. Leverrier’s just claims to the honors of 
the discovery. 

“For there is no doubt that his researches were first published 
to the world, and led to the actual discovery of the planet by Dr. 
Galle, so that the facts stated above cannot detract, in the 
slightest degree, from the credit due to M. Leverrier.” 

The “facts stated above” are merely an altogether modest 
epitome of Adams’ own efforts, and an acknowledgement of the 
“kind intervention of Prof. Challis,” and the “kindest possible 
maimer” of the Astronomer Royal in supplying data regarding 
Uranus that had been utilized in his calculations. Nothing what- 
ever is said about any delay in the search for the planet. Nor is 
it even stated, though it might justly have been stated, that the 
earlier computation of Adams which so barely missed success, 
differed by less than 2j4 degrees from the position where the 
planet was found — ^a position, it may be added, within 47 seconds 
of a mean of the locations ascribed by the two calculations. 

But, despite the yoimg mathematician’s explicable reticence, all 
the world knew the story, and the names of the English and the 
French mathematicians are always coupled when the discovery 
of Neptime is referred to. 

A weird, almost fantastic achievement, the discovery has 
always seemed in the popular view. 

It is pleasant to record that the young mathematician who 
failed through no fault of his own, in time succeeded to the 
position of Professor of Astronomy and Chief of the Observa- 
tory at Cambridge; and that to this day the holder of a certain 
official position at the University is known as the John Couch 
Adams astronomer. 
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With the discovery of Neptune, the roster of the sun’s major 
planetary family was, for the nineteenth century, complete. 

The French discoverer of Neptune did, indeed, calculate an 
orbit for an interior planet, suspected to exist because of per- 
turbation of Mercury, but though prematurely christened Vulcan, 
this hypothetical nurseling of the sun still haunts the realm of 
the undiscovered. Meantime a much-discussed hypothetical trans- 
Neptunian planet, whose existence had been suggested by certain 



Fig. 57.— Relative Apparent Size of the Sun from Different Planets. 
The planets not named are, in sequence, Jupiter, Saturn, Uranus, and 
Neptune. 

“residual perturbations” of Uranus, and by the movements of 
comets, remained equally unrevealed until the year 1930. 

As to the perturbations of Mercury, it may be said in pass- 
ing that these are associated with the rate of swing of the apsides 
(the major axis of the elliptical orbit) which is now accounted 
for, to the satisfaction of many (but by no means all) as- 
tronomers, by application of the Einstein theory of Relativity. 

The discovery of a trans-Neptunian planet in 1930 by the 
American astronomers at the Lowell Observatory will be referred 
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to more at length later. Here we are concerned with the solar 
system as known to the generation that witnessed the discovery 
of Neptune. 

So vast is the orbit of Neptxme that its circuit of the sun takes 
164 years. That is to say, a round of the seasons on that planet 
is equivalent to 164 years on the earth. 



Fig. 58. — ^The Solar System and Halley^s Comet. (Slightly modified 
from Morgan’s Advanced Physiography,) 

To an inhabitant of Neptune (and if such there were) the 
sun would seem no larger than Venus seems to us when at her 
nearest — ^though almost infiinitely more brilliant. The earth and 
Mars would be hopelessly invisible, unless with a powerful tele- 
scope and by screening off the light of the sun. Jupiter woxdd 
be seen somewhat as we see Mercury. Saturn would be fairly 
conspicuous. 
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But only Uranus among all the planets would be better seen 
from Neptune than from the earth. 

Still considering the solar system as known in the 19th century, 
it may be of interest to give a tangible illustration, showing the 
relative sizes and distances of the planets. Such an illustration 
was given by Sir John Herschel as follows: 

“Choose any well-levelled field. On it place a globe two feet 
in diameter. This will represent the sun; Mercury will be repre- 



in sequence, the Earth, Venus, Mars and Mercury. 


sented by a grain of mustard-seed on the circumference of a 
circle 164 feet in diameter for its orbit; Venus, a pea on a circle 
of 284 feet in diameter; the Earth also a pea on a circle of 430 
feet; Mars, a rather large pin’s-head on a circle of 654 feet; the 
asteroids, grains of sand in orbits of 1000 to 1200 feet; Jupiter, 
a moderate-sized orange in a circle nearly half a mile across; 
Saturn, a small orange on a circle of four-fifths of a mile; 
Uranus, a full-sized cherry or small plum upon the circumference 
of a circle more thmi a mile and a half; and finally Neptune, a 
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good-sized plum on a circle about two miles and a half in 
diameter.” 

To which Prof. Young has added: 

“On this scale the nearest star would be on the opposite side of 
the globe, at the antipodes, 8000 miles away.” 

Contrast that colossal mechanism of the new solar system 
with the mechanism of the old Ptolemaic system. The whole 
universe as the sagacious Greek, or as any other astronomer of 
antiquity, even including Aristarchus, conceived it, could be 
stored away almost an3mhere in the present solar system, with- 
out interfering with the orderly progression of the circling globes. 

Though no further additions to the company of major planets Tie 
were to be made prior to 1930, there were numerous accessions 
to the subordinate system of the satellites. lites 

With the advance of telescopic powers, moons appeared in 
attendance on various of the outlying planets, several of them 
so tiny as to test the power of all but the largest lenses or mirrors. 

Of these the midget attendants of our Martian neighbor, dis- 
covered by Professor Hall with the great Washington refractor, 
are of greatest interest, because of their small size and extremdy 
rapid flight. One of them is poised only 6000 miles from Mars, 
and whirls about him almost four times as fast as he revolves, 
seeming thus, as viewed by the hypothetical Martian, to rise 
in the west and set in the east, and making the month only one- 
fourth as long as the day. 

Other planets have also received new moons, but Saturn in 
particular has been favored, until now it is known that this 
planet has ten of these attendants, in addition to its famous 
set of rings. Seven were known prior to the 19th century; the 
eighth was discovered by G. P. Bond and Lassell in 1848, a 
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ninth by W. H. Pickering in 1899, ^ tenth by the same ob- 

server in 1905. The ninth planet, in time of discovery, is of 
so wide an orbit that its period of revolution is one and a half 
years, or more than six times that of ilercury roimd the sun. 



Fig. 60 . — ^The Planets in Sequence Against the Face of the Sun, to 
Show Relative Sizes. From left to right the planets are Mercury, 
Venus, Earth, Mars, Cluster of Asteroids, Jupiter, Saturn, Uranus, 
Neptime. Note the varying number of satellites. 

Moreover, it has the anomalous habit of revolving in the re- 
trograde direction — a, strange particularity about which some- 
thing will be said in another connection. 

Meantime reference must be made to the discovery of the 
inner or crape ring of Saturn, which was made simultaneously 
in 1850 by William C. Bond, at the Harvard Observatory, in 
America, and the Reverend W. R. Dawes in England. 
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Our most important advances in knowledge of Saturn’s unique 
system are due to the mathematician. 

Laplace, like his predecessors, supposed these rings to be 
solid, and explained their stability as due to certain irregularities 
of contour which Herschel had pointed out. But about 1851 
Professor Peirce, of Harvard, showed the untenability of this 
conclusion, proving that were the rings as Laplace thought them 
they must fall of their own weight. 



Fig. 61. — Saturn and His Rings. (Adapted from photo by Dr. E. C. 

Slipher.) The inner ring is the “crape ring.” 

Then Professor J. Clerk-Maxwell, of Cambridge, took the 
matter in hand, and his analysis reduced the puzzling rings to a 
doud of meteoric partides — a “shower of brick-bats” — each 
fragment of which drculates exactly as if it were an independent 
planet, though of course perturbed and jostled more or less by its 
fellows. 

Mutual perturbations — and the disturbing pulls of Saturn’s 
orthodox satellites, as investigated by Maxwell, explain nearly 
all the phenomena of the rings in a manner highly satisfactory. 

But perhaps the most interesting accomplishments of mathe- 
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matical astronomy since the time of Adams and Leverrier are 
those that refer to the earth’s own satellite. 

That seemingly staid body was long ago discovered to have a 
propensity to gain a little on the earth, appearing at eclipses an 
infinitesimal moment ahead of time. Astronomers were sorely 



Fig. 62. — ^James Clerk Maxwell (1831-1879). (Adapted from half- 
tone in William’s Story of Nineteenth Century Science.) 

puzzled by this act of insubordination, but at last Laplace and 
Lagrange explained it as due to an oscillatory change in the 
earth’s orbit, thus fully exonerating the moon, and seeming to 
demonstrate the absolute stability of our planetary system, which 
the moon’s misbehavior had appeared to threaten. 

This highly satisfactory conclusion was an orthodox belief of 
celestial mechanics until 1853, when Adams of Neptunian fame, 
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with whom complex analyses were a pastime, reviewed Laplace’s 
calculation, and discovered an error which, when corrected, left 
about half the moon’s acceleration unaccounted for. This was 
a momentous discrepancy, which at first no one could explain. 
But presently Helmholtz, the great German physicist, suggested 
that a key might be fotmd in tidal friction, which, acting as a 



Fig. 63.— H. L. F. von Helmholtz (1821-1894). (Redrawn from en- 
graving in Williams’ Story of Nineteenth Century Science.) 

perpetual brake on the earth’s rotation, and affecting not merely 
the waters but the entire substance of our planet, must in the 
long sweep of time have changed its rate of rotation. 

Thus the seeming acceleration of the moon might be accounted 
for as actual retardation of the earth’s rotation — a lengthening of 
the day instead of a shortening of the month. 

Again the earth was shown to be at fault, but this time the 
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moon conld not be exonerated, while the estimated stability of 
our system instead of being re-established, was quite upset. 

For the tidal retardation is not an oscillatory change which 
will presently correct itself, like the orbital wobble, but a per- 
petual change, acting always in one direction. 



Fig. 64. — Sir George H. Darwin (1845-1912). (Based on half-tone 
in Shapley and Howarth’s Source Book in Astronomy. Original not 
traced.) 

Unless fully counteracted by some opposing reaction, there- 
fore (as it seems not to be), the effect must be cumxdative, the 
ultimate consequences disastrous. 

The exact character of these consequences was first estimated 
by Professor G. H. Darwin (afterward Sir George), son of the 
immortal Charles, in 1879. He showed that tidal friction, in 
retarding the earth, must also ptish the moon out from the parent 
planet on a spiral orbit. 
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Plainly, then, the moon must formerly have been nearer the 
- - * of the 

earth than at present. At some very remote period it must have 
actually touched the earth; must, in other words, have been 
thrown off from the then plastic mass of the earth, as a polyp 
buds out from its parent polyp. 

At that time the earth was spinning about in a day of from two 
to four hours. 

Now the day has been lengthened to twenty-four hours, and 
the moon has been thrust out to a distance of a quarter-million 
miles. 

But the end is not yet. 

The same progress of events must continue, till, at some re- 
mote period in the future, the day has come to equal the month, 
lunar tidal action has ceased, and one face of the earth looks 
out always at the moon with that same fixed stare which even 
now the moon has been brought to assume towards her parent 
orb. 

Should we choose to take even greater liberties with the future, 
it may be made to appear (though some astronomers dissent from 
this prediction) that, as solar tidal action still continues, the day 
must finally exceed the month, and lengthen out little by little 
towards coincidence with the year; and that the moon meantime 
must pause in its outward flight, and come swinging back on a 
descending spiral, until finally, after the lapse of untold aeons, 
coming within “Roche’s limit” (about 10,000 miles), it is ex- 
plosively disrupted— with what consequences to our own planet 
may be imagined. 

But even though imagination pause far short of this direful 
culmination, it still is clear that modern calculations, based on 
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inexorable tidal friction, suffice to revolutionize tbe views form- 
erly current as to the stability of the planetary system. 

The eighteenth-century mathematician looked upon this sys- 
tem as a vast celestial machine which had been in existence about 
six thousand years, and which was destined to run on forever. 
The analyst of a later day computes both the past and the 
future of this system in millions instead of thousands of years, 
yet feels well assured that the solar system offers no contradic- 
tion to those laws of growth and decay which seem everywhere to 
represent the immutable order of nature. 

Uhta the mathematician ferreted out the secret, it surely never 
could have been suspected by any one that the earth’s serene 
attendant, 

“That orbed maiden, with white fire laden. 

Whom mortals call the moon,” 

could be plotting injury to her parent orb. But there is an- 
other inhabitant of the skies whose purposes have not been 
similarly free from popular suspicion. 

Needless to say I refer to the black sheep of the sidereal 
family, that “celestial vagabond” the comet. 

Time out of mind these wanderers have been supposed to 
presage war, famine, pestilence, perhaps the destruction of the 
world. 

And little wonder. Here is a body which comes flashing out of 
boundless space into our system, shooting out a pyrotechnic tail 
some hundreds of millions of miles in length; whirlin g, perhaps, 
through the very atmosphere of the sun at a speed of three or 
four hundred miles a second; then darting off on a hyperbolic 
orbit that forbids it ever to return, or an elliptical one that cm- 
not be closed for hundreds or thousands of years; the tail mean- 
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time pointing always away from the sun and fading to nothing- 
ness as the weird voyager recedes into the spatial void whence 
it came. 

Not many times need the advent of such an apparition coin- 
cide with the outbreak of a pestilence or the death of a Caesar 
to stamp the race of comets as an ominous clan in the minds of 
all superstitious generations. 

It is true, a hard blow was struck at the prestige of these 
alleged supernatural agents when Newton proved that the great 
comet of 1680 obeyed Kepler’s laws in its flight about the sun; 
and an even harder one when the same visitant came back in 
1758, obedient to Halley’s prediction, after its three-quarters of 
a century of voyaging out in the abyss of space. Proved thus to 
bow to natural law, the celestial messenger could no longer fully 
sustain its r 61 e. But long-standing notoriety cannot be lived 
down in a day, and the comet, though proved a “natural” ob- 
ject, was still regarded as a very menacing one for another hun- 
dred years or so. 

It remained for the nineteenth century completely to unmask 
the pretender and show how egregiously our forebears had been 
deceived. 

The unmasking began early in the century, when Dr. Olbers, 
then the highest authority on the subject, expressed the opinion 
that the spectacular tail, which had aU along been the comet’s 
chief stock-in-trade as an earth-threatener, is in reality composed 
of the most filmy vapors, repelled from the cometary body by 
the sun, presumably through electrical action, with a velocity 
comparable td that of light. 

This luminous suggestion was held more or less in abeyance 
for half a century. 
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Then it was elaborated by Zollner, and particularly by Bred- 
irbinj of the MOSCOW Observatory, into what has since been 
regarded as the most plausible of cometary theories. 

It is held that comets and the sun are similarly electrified, and 
thence mutually repulsive. Gravitation vastly outmatches this 
repulsion in the body of the comet, but yields to it in the case of 
gases, because electrical force varies with the surface, while 
gravitation varies only with the mass. From study of atomic 



Fro. 65.— A Typical Comet. (Adapted from a photograph of Brooks’ 
Comet of 1910. Origin not traced.) 

weights and estimates of the velocity of thrust of cometary tails, 
Bredichin concluded that the chief components of the various 
kinds of tails are hydrogen, hydrocarbons, and the vapor of iron; 
and spectroscopic analysis goes far towards sustaining these 
assumptions. 

But, theories aside, the unsubstantialness of the comet’s tail 
has been put to a conclusive test. Twice during the nineteenth 
century the earth has actually plunged directly through one of 
these threatening appendages— in 1819, and again in 1861, once 
being immersed to a depth of some three hundred thousand miles 
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ill its substance. Yet nothing dreadful happened to us. There was 
a peculiar glow in the atmosphere, so the more imaginative ob- 
servers thought, and that was all. 

After such fiascos the cometary train could never again pose 
as a world-destroyer. 

But the full measure of the comet’s humiliation is not yet told. 
The pyrotechnic tail, composed as it is of portions of the comet’s 
actual substance, is tribute paid the sun, and can never be re- 
covered. Should the obeisance to the sun be many times repeated, 
the train-forming material will be exhausted, and the comet’s 
chiefest glory will have departed. Such a fate has actually be- 
fallen a multitude of comets which Jupiter and the other outly- 
ing planets have dragged into our ss^stem and helped the sun to 
hold captive here. 

Many of these tailless comets were known to the i8th century 
astronomers, but no one at that time suspected the true meaning 
of their condition. 

It was not even known how closely some of them are en- 
chained until the German astronomer Encke, in 1822, showed 
that one which he had rediscovered, and which has since borne 
his name, was moving in an orbit so contracted that it must com- 
plete its circidt in about three and a half years. 

Shortly afterwards another comet, revolving in a period of 
about six years, was discovered by Biela, and given his name. 

Only two more of these short-period comets were discovered 
during the first half of last century, but latterly they have been 
shown to be a numerous family. About thirty are known which 
the giant Jupiter holds so dose that the utmost reach of their 
elliptical tether does not let them go beyond the orbit of Saturn. 

These aforetime wanderers have adapted themselves wonder- 
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fully to planetary customs, for all of them revolve in the same 
direction with the planets, and in planes not wide of the ecliptic. 

Checked in their proud hyperbolic sweep, made captive in a 
planetary net, deprived of their trains, these quondam free- 
lances of the heavens are now mere shadows of their former 
selves. Considered as to mere bulk, they are very substantial 
shadows, their extent being measured in hundreds of thousands 
of miles; but their actual mass is so slight that they are quite at 
the mercy of the gravitation pulls of their captors. 

And worse is in store for them. So persistently do sun and 
planets tug at them that they are doomed presently to be torn 
to shreds. 

Such a fate has already overtaken one of them, under the very 
eyes of the astronomers, within the relatively short period during 
which these ill-fated comets have been observed. 

In 1832 Biela’s comet passed quite near the earth, as as- 
tronomers measure distance, and in doing so created a panic 
on our planet. It did no greater harm than that, of course, and 
passed on its way as usual. 

The very next time it came within telescopic hail it was seen 
to have broken into two fragments. 

Six years later these fragments were separated by many mil- 
lions of miles; and in 1859, when the comet was due again, as- 
tronomers looked for it in vain. It had been completely shattered. 

What had become of the fragments? At that time no one posi- 
tively knew. 

But the question was to be answered presently. It chanced that 
Just at this period astronomers were paying much attention to 
a daSiS of bodies which they had hitherto somewhat neglected, 
the fainiliar shooting-stars, or meteors. The studies of Newton, 
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of Yale, and Adams, of Cambridge, with particular reference 
to the great meteor-shower of November, 1866, which Newton 
had predicted and shown to be recurrent at intervals of thirty- 
three years, showed that meteors are not mere sporadic swarms 
of matter flying at random, but exist in isolated swarms, and 
sweep about the sim in regular elliptical orbits. 



Fig. 66. — G. V. Schiaparelli (1835-1910). (Crow-quilled from a half- 
tone of unstated origin in Shapley and Howarth’s Source Book in 
Astronomy.) 

Presently it was shown by the Italian astronomer Schiaparelli 
that one of these meteor swarms moves in the orbit of a prev- 
iously observed comet, and other coincidences of the kind were 
soon forthcoming. 

The conviction grew that meteor swarms are really the debris 
of comets; and this conviction became a practical certainty 
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when, in November, 1872, the earth crossed the orbit of the ill- 
starred Biela, and a shower of meteors came whizzing into our 
atmosphere in lieu of the lost comet. 

And so at last the full secret was out. 

The awe-inspiring comet, instead of being the planetary body 
it had all along been regarded, is really nothing more nor less 
than a great aggregation of meteoric particles, which have be- 
come clustered together out in space somewhere, and which by 
josting one another or through electric action become luminous. 
So widely are the individual particles separated that the comet- 
ary body as a whole has been estimated to be thousands of times 
less dense than the earth’s atmosphere at sea-level. 

Hence the ease with which the comet may be dismembered and 
its particles strung out into streaming swarms. 

So thickly is the space we traverse strewn with this cometary 
dust that the earth sweeps up, according to Newcomb’s estimate, 
a million tons of it each day. 

Each individual particle, perhaps no larger than a millet seed, 
becomes a shooting star, or meteor, as it burns to vapor in the 
earth’s upper atmosphere. And if one tiny planet sweeps up such 
masses of this cosmic matter, the amount of it in the entire 
stretch of our system must be beyond all estimate. 

What a story it tells of the myriads of cometary victims that 
have fallen prey to the sun since first he stretched his planetary 
net across the heavens! 



BOOK VI 


THE NEW ASTRONOilY 

“Why did not someone teach me the con- 
stellations, and make me at home in the starry 
heavens, which are always overhead?” 

— Carlyle. 




XXIII 


FRAUNHOFER KIRCHHOFF HUGGINS THE STARS 

BROUGHT TO EARTH 

T he year 1859, and another epoch. When the time comes to 
reform the calendar, it will be well to use that date for 
the initial year of the new era. Then occurred what in the not 
distant future will be recognized as the most momentous event 
in human history — ^the publication of Darwin’s Origin of Species, 
By a breath-taking coincidence, the same year saw the stars 
virtually brought to earth and analyzed in the laboratory. 

Now for the first time was revealed the unity of natxue of 
every microscopic living cell of the organic world, and the unity 
of nature of every telescopic cell of the sidereal universe. At 
last a new scientific Revelation enabled man for the first time to 
envisage with a measure of clarity his true position in the cosmos. 

With such landmarks available it must in the near future be 
recognised as a strange anachronism, to measure time and af- 
fairs from an event which augured the descent of civilization into 
a fog-bound valley of superstition, whereas the new date marks 
the attainment, after a long and painful struggle, of at least a 
minor peak whence regions can be scanned where there is light 
instead of darkness, where progress will no longer be obstructed 
by mythologic phantoms. 

But we are here concerned not with prognostications for the 
new era, but with the record of that part of its achievement that 
concerns the new revelations in the field of astronomy. 

335 
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We shall see that it is an amazing record — unbelievable, did we 
not know it to be true. 

In bringing the stars to earth out of the unimaginable depths 
of space, and wresting from them their inmost secrets, a thing 
was accomplished which the wisest men of but a single genera- 
tion before had pronounced impossible — 3, thing, indeed, that was 
impossible, and still would be, but for the introduction of a new 
instrument of necromantic power; an instrument before which, 
even now, one pauses in wonderment, marveling whether the 
records of its accomplishment can be in truth actualities, and 
not mere phantasies from dreamland. 

Yet there is no question as to the answer. The accomplishments 
of the spectroscope are valid, true, clearly demonstrable. This 
wonder-working instrument, more marvelous because of its ex- 
treme simplicity, performs its feats of jugglery in the open, and 
leaves no possible doubt in the mmd of the observer either as to 
their validity or as to their meaning and interpretation. 

Yet it must be recalled that the essential structure of this 
instrument— a simple prism of glass— was a familiar object in 
the physical laboratory, and had been searchingly investigated 
as to its possible uses, for more than two centuries before the 
man of genius appeared who could even see the alphabet of the 
message that awaited interpretation. Another generation elapsed 
before a yet keener-eyed man of genius began to decode the 
message. And yet another generation — ^indeed, almost a half 
century of time— had to elapse before a third man of genius 
saw the real import of the message, and envisaged the true 
possibilities of investigation of the nature of things that the 
message augured. 

Our appreciation of the inspired insight of the men who finally 
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opened their eyes and mind to the cryptograph which the glass 
prism materializes from sunbeams is enhanced when we recall 
that the matchless Newton hims elf was the first and most saga- 
cious student of the prismatic record, yet seems never to have 
even seen, much less interpreted, the script which is obvious to 
all eyes now that attention has been called to it. 

The script in question takes the form of lines, bright or dark 
as the case may be, that lie across the spread-out band of color 
of the familiar spectrum displayed when a beam of light is scat- 
tered by a glass prism. 

The man who first saw the lines that Newton so regrettably 
overlooked was a distinguished English chemist and physicist of 
original genius, otherwise known for the discovery of the chem- 
ical elements palladium and rhodium, for the invention of the 
camera lucida and the goniometer (ciystal-angle measurer), and 
for searching investigations in the field of electricity and optics 
which led him, among other thin g s, to the discovery of ultra- 
violet rays that have gained so much fame in our own day. 

His name was Wollaston. While inspecting the spectrum of a 
beam of light transmitted to the glass prism through a narrow 
slit, Wollaston saw, as no man had seen before him, a series 
of dark lines drawn, as if with a pen, at intervals across the band 
of the spectrum. 

But beyond that his keen eyes for once failed him, and he 
made the critical mistake of interpreting the lines as being drawn 
to mark off or differentiate the different colors in the spectrum 
— ^whereas in reality the essential typicality of the lines is that 
they occur at definite locations within the various fields of the 
regularly distributed colors. The mistake threw him altogether 
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off the track, and was perhaps responsible for the entire unfruit- 
fulness of his discovery. 

Neither he nor anyone else at the time had the remotest inkling 
as to the significance of the dark lines — ^nor, perhaps, suspected 
that they were more than incidental appurtenances of the 
spectrum. 



Fig. 67. — William Hyde Wollaston (1766-1828). (Adapted from half- 
tone in Williams’ Story of Nineteenth Centwy Science.) 

This was in the year 1792. 

Twenty-three years later, in 1815, Joseph Fraunhofer, another 
creative genius of yet keener eye and more penetrating imagina- 
tion studied the spectrum. And to him the dark lines in the out- 
spread band of color yielded the first intimations of their secret. 

Somewhat as the hierogl37phic carvings of the Rosetta stone 
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yielded, almost at the same time, the first intimation of their 
secret to Thomas Young. 

Or as the first terms of the secret of the ether-wave nature 
of light itself were revealed through study of spectrum effects of 
another type by the same investigator. 

Joseph Fraunhofer, when he re-discovered the lines in the spec- 
trum in the year 1815, was twenty-eight years of age. 

He had already achieved fame as the perfector of the refract- 
ing telescope, and the inventor of the optical device, so important 
a little later in the field of the astronomy of precision, known as 
the heliometer. 

He was a Bavarian by birth, and he spent his life, and died 
at the early age of thirty-nine, at Munich. 

A frail, physically ill-developed man; crippled indeed from an 
early accident, in which he was partly buried under the ruins of 
a falling building. Incidentally, this accident, thou^ it left him 
almost deformed, reacted in another way in his favor. His con- 
dition excited the sympathy of a wealthy passer-by who gave 
him a sum of money, which he used in part to pay for lodgings, 
and in part to purchase a book on optics — a, book that furnished 
the foundation for his future professional activities. 

The undernourished body of the impoverished orphaned youth 
never attained real maturity, or at least failed to attain normal 
ruggedness. 

But there was no keener brain, no sharper eye, no more re- 
sponsive mentality, no more dexterous hand, in all Europe than 
were the endowments of this young German optician. He made 
telescopes that were the pride of the great astronomers who 
were able to secure them. He invented optical instruments that 
made possible the discovery of star-parallax. He achieved im- 
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mortality by rediscovering the lines in the spectrum, and proving 
that they have a meaning well worth fathoming. 

Fraunhofer made earnest and persistent effort to find out that 
meaning. He studied sunlight, moonlight, the light of Venus. 
He charted the lines in the spectrum, gave letters to certain 
groups in definite positions, which letters are still retained. He 
knew that here were secrets of profound significance, hidden in 
the sunbeams, and he never wavered in the attempt to clarify 
the mystery. 

But death claimed him before he could fully decode the 
message, and the full solution had to wait the coming maturity 
of another German, this time a Prussian who, as it chances, was 
bom two years before Fraunhofer died. 

TheSeoet The name of this third genius of our triumvirate is Gustav 
Revealed Robert Kirchhoff. 

It was in the laboratory of the famous chemist, Robert Wil- 
helm Bunsen at Heidelberg, that Kirchhoff made the investiga- 
tions, in collaboration with Bunsen himself, that were to eventu- 
ate in comprehension and demonstration of the meaning of the 
Fraunhofer lines in the spectrum. 

The discovery came about through testing the light of many 
chemical substances rendered incandescent in the flame of the 
famous heater invented by the master of the laboratory, and 
known ultimately in every laboratory of the world as the Bunsen 
burner. 

Soon it was seen that, of the long series of lines, variously dis- 
tributed, that appear in the spectrum of the sun’s light, direct 
or reflected, only certain groups, or even individual lines, appear 
when the light tested is of different origin. When sodium is 
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burned in the flame, for example, two lines in the location that 
Fraunhofer had marked D are particularly prominent. 

Fraunhofer himself had observed that these particular lines 
were nearly always present in the light of terrestrial flames. But 
he had missed the secret of their interpretation — ^had failed to 



Fig 68. — Gustav Robert KirchhoS (1824-1887). (Adapted from half- 
tone in Williams’ Story of Nineteenth Century Science.) 

realize that here was the key to the code of S3nnbols. And though 
a number of other imaginative physicists had studied the lines, 
no one of them more than half-guessed the truth. 

But now, in the laboratory of Bunsen, and with the coopera- 
tion of that master, Kirchhoff began to realize the fuU meaning of 
what he saw. 

Presently it was beyond cavil that certain lines in the spec- 
trum are associated with certain definite chemical substances. 




GREAT ASTRONOMERS 


The Dark 
aad 
Bright 
Lines Ex- 
plained 


342 

The two D lines, for example, are sodium lines. 

Only when sodium is present are these lines present. They are 
present in the light of the sun, to be sure. But this only proves 
that there must be sodium in the sun! 

That was half the secret. The other half was this: when sodium 
vapor colored the flame of the Bimsen burner, the sodium lines 
appeared as bright yellow lines in the spectrum— brilliant lines, 
still unobscured when ordinary sunlight was allowed to shine 
through the sodiiun flame upon the spectrum slit. But when an 
oxyhydrogen lime-light (which like the light of all incandescent 
solid or liquid bodies, gives a spectrum without dark lines) 
played on the flame, the spectrum of the sodium vapor in the 
flame no longer registered bright lines, but in their place, dark 
lines occupying the same position. 

“This phenomenon,” said Kirchhofi, “is easily explained upon 
the supposition that the sodium flames absorb rays of the same 
degree of refrangability as those it emits, while it is perfectly 
transparent for all other rays.” 

That is to say, an incandescent vapor of a chemical substance, 
say sodium, gives a bright-line spectrum. The same vapor, when 
an excessively bright li^t shines through it, reveals the identity 
of the vaporized substance by showing dark lines instead of 
bright lines. 

Both the bright and the dark D lines spell sodium; but in one 
case they tell of light coming directly from the incandescent 
sodium vapor itself, and in the other they tell of a brighter light 
shining through the vapor from some incandescent source on the 
other side. 

Further interpreted, this means that the dark D lines in the 
solar spectrum reveal sodium as a vapor in the outer atmosphere 
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of the sun, through which bright light from the surface or in- 
terior of the sun is shining. 

For convenience the bright-line spectrum came to be spoken of 
as the direct spectrum; the dark-line spectrum as the reversed 
spectrum. Kirchhoff and Bunsen were soon able to secure the 
reversing effect, as well as the direct effect, with vapors of po- 
tassium, strontium, calcium, and barium, by exploding mixtures 
of the chlorates of these metals and milk-sugar in front of the 
slit of the apparatus, while the direct solar rays fell on the 
instrument. 

With wonderment they realized that here was a new method 
of chemical analysis, utterly different from anything hitherto 
conceived. 

They saw that the reversed lines of the laboratory chemicals 
took the place of reversed lines of ordinary sxmlight — each chem- 
ical having its individual stations. 

It must have been with something approaching awe that they 
realized that there in their terrestrial laboratory at Heidelberg, 
they were subjecting the atmosphere of the sun to chemical 
analysis. 

In effect, they had brought the sim into the laboratory. 

The Fraunhofer lines were revealing to them knowledge of 
the sun’s constitution such as had been hidden from all men; 
such as might well have been supposed to be beyond the reach of 
human investigation. 

First of aU men, they were able to make the astounding an- 
nouncement that terrestrial elements can be demonstrated to be 
present in the sun. 

Sun and planets were proved of one substance. 

The scientific world heard the announcement, and stood aghast. 
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Not that the message was altogether unexpected. Imaginative 
men, ever since the day of old Anaxagoras back there in Greece, 
had guessed that the sun must be a fire ball of some earthly ma- 
terials — ^perhaps of iron, since that metal was known to be a 
chief constituent of meteorites. Then of course the nebular hy- 
pothesis, the pretty generally accepted theory of cosmogony, 
made planets and sun alike residual structures from an original 
fire-mist. 

On the other hand, the theory of Herschel had not been for- 
gotten, according to which the sun is a habitable body, with only 
a shining mantle to give us heat and light. With such a thesis, 
the thought of a sun with an atmosphere of vaporized metals is 
obviously incompatible. 

But in any event, regardless of preconception, how astounding, 
how almost unbelievable, that physical demonstration should be 
made — ^not guess work, but demonstration — of the chemical sub- 
stance of a body more than 92,000,000 miles removed! 

It had seemed wizardry to measure the distance of a star but 
here was yet more bewildering necromancy. 

To reach out across the abysm, in effect pluck forth a ladle 
full of the solar substance, and subject it to an analysis! Un- 
thinkable! yet coming from the laboratory of the famous Bunsen, 
the report must be bdieved. Wonders would never cease! 

With the next move, the wonder grew. 

An amateur astronomer, inspired by the new message, en- 
thralled by its promise, hastened to secure a prism of glass and, 
after long striving, found a way to adjust it to his telescope, and 
pointed the telescope at a star. The stars are but distant suns, 
he reasoned. If they give light enough, they too must yield up 
their secrets. 
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Eagerly, with bated breath, William Huggins in his private 
London Observatory, pointed the telescope, and for a time — as 
he himself has told it — scarcely dared to look for the answer. 

But when he did look, the answer was affirmative. His 8-inch 
telescope — ^an object glass made by Alvan Clark, the famous 
American optician — ^gathered light enough to produce a spectrum. 



Fig. 69. — ^Robert Wilhelm Bunsen (1811-1899). (Adapted from half- 
tone in Williams’ Story of Nineteenth Century Science.) 

The star, like the sun, could be brought to earth for the 
analysis of its substance. 

Huggins himself tells us that, when he first heard of Kirch- 
hoff’s great discovery, a feeling as of inspiration seized him. “I 
felt as if I had it now in my power to lift a veil that had never 
before been lifted; as if a key had been put into my hands 
which would unlock a door which had been regarded as forever 
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closed to man — ^the veil and door behind which lay the unknown 
mystery of the true nature of the heavenly bodies.” 

Huggins And now he had the proof that his optimistic dreamings had 
the Stars not been in vain. 

In that hour, the new stellar astronomy was bom. The entire 
complexion of astronomical research was changed. The brightest 
star, in the field of the most powerful telescope, remains only a 
point of light. But in the eye of the spectroscope, that point of 
light is transformed into a material structure, of discoverable 
substance. 

The magic wand of the new astronomy brings the stars to 
earth. 

Among the outstanding revelations of the spectroscope in the 
hands of Dr. Huggins (Sir William Huggins as he came to be) 
were the records of comets and of nebulae. 

Comets were found to have so-called “fluted bands” in their 
spectra, which were interpreted as showing the presence of 
carbon. 

To make doubly sure, the comet’s spectrum was compared 
with the spectrum of a current olefiant gas, ignited by a spark. 
The gas was confined in a small holder attached to the end of 
the telescope, so that its spectrum, when a spark was taken in it 
could be seen side by side with that of the comet. The two 
spectrums agreed in all respects. “Thus,” says the investigator, 
“the comet, though ‘subtle as a sphinx,’ had at last yielded up 
its secret. The principal part of its light was emitted by luminous 
vapor of carbon,” 

It is added that this was altogether in harmony writh the ob- 
servation of the nature of the gas found occluded in meteorites. 

As to the investigation of the spectra of nebulae, the revela- 
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tions were so surprising that Dr. Huggins long afterwards spoke 
almost with awe of the feelings aroused in his mind in the day of 
discovery, -back in 1864. 

“To this day,” he said long afterwards, “these observations 
remained associated in my memory with the profound awe 
which I felt on looking for the first time at that which no eye 
of man had seen, and which even the scientific imagination could 
not foreshow.” 

He goes on to say that the attempt to test the spectrum of a Tbe 
nebula seemed hopeless, because of the faintness of the lumi- 
nosity. Yet he determined to make the effort. Nebulae 

Again in describing his success he reverts to “the feeling of 
excited suspense, mingled with a degree of awe, with which, after 
a few moments of hesitation, I put my eye to the spectroscope. 

Was I not about to look into a secret place of creation?” 

And when he looked, awe gave way to astonishment. 

For he found no spectrum such as he expected, but a single 
bright line only. The light of the nebula was monochromatic, 
and so, unlike any other light he had subjected to prismatic ex- 
amination, could not be extended to form a complete spectrum, 

A little closer looking showed two other bright lines on the side 
toward the blue, all three lines being separated by intervals 
relatively dark. 

“The riddle of the nebulae was solved. The answer which had 
come to us in the li^t itself, read; not an aggregation of stars, 
but a luminous gas.” 

The explanation of this surprise is that nebulae were then be- 
lieved to represent merely aggregations of stars at an enormous 
distance. 

The great six-foot reflecting telescope of Lord Rosse— the 
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largest telescope hitherto constructed — ^had resolved nebulae into 
stars, just as Galileo’s first lens had resolved the Milky Way, or 
as Herschel had resolved nebulae that resisted all instruments 
but his own. 

And so it was assumed, and considered a fair inference, that 
with sufficient power, perhaps some day to be attained, all 



Fig. 70. — ^Lord Rosse (1800-1867). (Adapted from Hutchinson’s 
Splendo-ur of the Heavens. Source not stated.) 

nebulae would 3deld; hence that all are in reality what Herschel 
had at first thought them — ^vastly distant “island universes,” 
composed of aggregations of stars, comparable to our own galac- 
tic system. 

Now the spectrum in Dr. Huggins’ hands showed that this 
cannot be true, at least of some nebulae. 

The one that he was examining was no system of stars, but 



Plate XVI* Joseph Fraun'hofer (1787-1826 j 
(Pencil interpretation of an engraving of untraced ongin I 
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a mass of glowing gases. The most conspicuous bri^t line could 
not be ascribed to any known terrestrial element; nor, indeed, 
to any element discovered in sun or stars. 

It was presently christened ‘‘Nebulium.” 

Parenthetically it may be added that the nature of this gas 
remained a secret for more than sixty years. It was not until 
1927 that Dr. I. S. Bowen, of Pasadena, California, proved, to 
the astonishment of astronomers and physicists alike, that 
“nebulium” is merely the chief constituents of the air we breathe, 
namely: oxygen and nitrogen, the atoms of which, in the ex- 
tremely rarified nebulae gas, are in a singly and doubly ionised 
condition — that is to say partially disrupted by loss of one or 
two orbital electrons. Hence the modified character of the spec- 
trum line which masked instead of revealing the true nature of 
the prominent constituents of the nebulae. 

It was found presently that some other nebulae give a con- 
tinuous spectrum, suggestive of incandescent solids or liquids; 
proving that these curious celestial objects are of different types. 

It has become customary, indeed, to speak of four classes of 
nebulae. As to three of them, there is no ftill consensus of opin- 
ion among astronomers. But the fourth, known as spiral nebulae, 
of which we shall hear a good deal more before we are through, 
are believed to be by no means merely gaseous clouds, but vast 
systems of stellar bodies lying beyond the confines of our galactic 
system. 

The story of the spectroscope is not finished. It is only begun. 
But before we follow farther the revelations of this strange 
Aladdin’s lamp of the new astronomy, we must learn something 
of another equally novel and no less wizard-like instrument that 
came to the aid of the astronomer almost at the same time, and 
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in cooperation with the other transformed the essential charac- 
ter of the task of the star-gazer. 

I mean, of course, the photographic camera. 


XXIV 

BONDS — ^DRAPERS — ^PICKERING — STAR PORTRAITURE 

T he new work of testing the chemistry of stars with the 
spectroscope had not proceeded far, before it occurred to 
various of the workers that the photographic negatives might 
conceivably be used to keep a permanent record of their 
observations. 

This was the period when the new art of photography — ^the 
incredible art, by which portraits of unbelievable accuracy and 
detail were painted by stmlight itself on a chemically treated 
sheet of glass or metal — had taken the world by storm. 

Just twenty years before the secret of the Fraunhofer lines 
in the spectrum was solved by Kirchhoff, the famous French 
physicist and astronomer, Arago, had communicated to the 
Academy of Science details of the perfection of a method of 
making sun-pictures devised by another Frenchman, Louis 
Daguerre. 

It was wen known that Daguerre had for many years been 
working on the problem. At last he had succeeded. 

At once the news spread to all quarters of the globe, and “da- 
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guerreotype” portraits were accounted the greatest wonder of a 
wonderful generation. 

The imaginative Arago conceived the idea that the new process 
might be applied to the portraiture of the heavenly bodies. 

The same idea occurred to one of the most virile and imagina- 
tive men in America, Dr, John William Draper, a young 



Fig. 71. — ^Dominique Francois Arago (1786-1853), (Adapted from 
tone in Williams’ Story of Nineteenth Century Science.) 

physician who had recently been appointed to the position of 
Professor of Chemistry in New York University. 

And Draper almost immediately put the idea into execution. 
In 1840, having already tried his hand at human portraiture, 
he attached a sensitized sheet of metal at the focus of a telescope, 
and took a portrait of the moon. A wonderful portrait it was — 
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not indeed, according to the standards of a later day, when the 
art of photography had made the daguerreotype method 
obsolete. 

But considered in its time, at the very beginnings of a new 
art, the takiTig of that portrait of the moon was an amazing 
achievement. 



Fig. 72.— L. J. M. Daguerre (1789-1851). (Adapted from Williams’ 
Story of Nineteenth Century Science.) 

With that accomplishment of Dr. William Draper, the English- 
born American, the new art and science of celestial photography 
was bom. 

A new method had been introduced which, when perfected, 
was to revolutionize the traditional methods of observation of 
astronomy, transforming the telescope into a camera, and the 
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afore-time star-gazing astronomer into a scrutinizer of negatives 
in the laboratory. 

But naturally such a transformation was not effected in a 
day. The moon had indeed sat for her portrait in 1840. But 
ten years elapsed before the new method was applied to the por- 
traiture of the stars. 



Fig. 73. — ^John W. Draper (1811-1882). (Adapted from Williams’ 
Story of Nineteenth Century Science. Source not traced.) 

Then at Harvard Observatory, where Bond followed Bond as 
director, an American named Whipple, imder the direction of 
the celebrated William Cranch Bond (known as the elder Bond) 
took a daguerreotype of the image of the bright stars Alpha 
Lyrae and Castor. 

The younger Bond (George Phillips), recording this achieve- 
ment a few years later, speaks of it as an interesting demon- 
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stration of the possibility of such an achievement but goes on 
to say that Mr. Whipple subsequently gave his attention to mak- 
ing photographs of the moon and sun, “and the stars were left 
to themselves.” 

Nevertheless celestial photography had been born, just at the 
middle of the 19th century. Two of the brighter stars, in sequence, 
had sat for their portrait. Moreover, the first of star-photogra- 
phers was soon to return to this field, and in cooperation with a 
confrere named Black, to test the newly developed collodion 
process in the field of star-photography. 

This was in March, 1857. 

Writing in that year, George Bond, who evidently was di- 
rectly associated in the enterprise, reports that: 

“The disconnected attempts we have thus far been enabled 
to make are of the highest interest, and suggest possibilities 
in the future which one can scarcely trust himself to speculate 
upon.” 

And he adds prophetically, “could another step in advance 
be taken equal to that gained since 1850, the consequence could 
not fan of being of incalculable importance in astronomy.” 

Just what the progress of seven years had been, Bond reveals 
in these words: 

“The same object. Alpha L3rrae, which in 1850 required 100 
seconds to impart its image to the plate, and even then im- 
perfectly, is now photographed instantaneously with a symmetrical 
disk, perfectly fit for exact micrometer measures. We then were 
confined to a dozen or two of the brightest stars, whereas now we 
take all that are visible to the naked eye. Even from week to 
week we can distinguish decided progress.” 

The yoimg enthusiast speaks further of the beauty and con- 
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venience of the method, scarcely to be appreciated without 
actually witnessing it for oneself; tells that stars of the sixth 
magnitude are the smallest that as yet can be recorded; but 
expresses confidence that still greater advances will be made in 
the near future. In particular, he notes that the relative magni- 
tudes of the stars are recorded on the photographic plates by the 
intensity and size of the images; and that the measurements of 
distances and angles of position of the double stars, as ascer- 
tained by many trials on our earliest impressions, “are as exact 
as the best micrometric work.” 

Here, then, is not only a good beginning in celestial photog- 
raphy, but a clear forecast of the great future of the new art 
and science. 

George Bond himself became director of the Han’ard Observa- 
tory on the death of his father two years later (in 1859). But 
his own untimely death occurred in 1865, before the next great 
advance in photography had been perfected — the dry-plate 
process — ^which was presently to make the realities of celestial 
photography transcend immeasurably the most optimistic 
forecast. 

But by this time other workers were in the field. Indeed, there Many 
were European investigators who had almost from the outset 
paralleled the work of the American pioneers. New Field 

As early as 1845, two famous Frenchmen, Foucault and 
Fizeau, on advice of Arago, had undertaken to make solar da- 
guerreotypes. And during the years from 1853 to 1857, de la Rue 
made experiments which culminated in his development of a 
photoheliograph, or sun-camera, for the Kew Observatory. 

Thenceforth solar photographs would be taken daily at Kew 
and at the Royal Observatory at Greenwich. 
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Meantime the first photographs of a solar eclipse had been 
taken by Busch, at Konigsberg, in 1851, and by Bartlet at West 
Point in 1854. In i860 eclipse photographs of high scientific im- 
portance were taken by the Italian astronomer Father Secchi and 
by Warren de la Rue. 



Fig. 74. — ^Jean Bernard L^on Foucault (1819-1868). (Adapted from 
half-tone in Bell’s The Telescope. Source not stated.) 

In America, Lewis Rutherfurd in 1864 made an eleven-and-a- 
half-inch objective, which was corrected only for the photographic 
rays, and by means of this obtained the finest photograph of the 
moon which had yet been made. Dr. E. S. Holden who makes 
this appraisal, records also that Dr. Henry Draper, son of the 
pioneer in the field, about the same time made a fifteen-inch 
reflecting telescope though he also took excellent lunar photo- 
graphs. 
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These lunar photographs of the younger Draper, indeed, were 
so sharply outlined that, from the original picture of about two- 
and-a-half inches, they could be enlarged to a diameter of three 
or four feet. 

And now it was time for the attempted union of the new 
photographic method with the even newer spectroscopic method 
that the New Astronomy might come to full maturity. 

As camera and spectroscope were both developments of the 
physical laboratory, it was inevitable that most workers who Camera 
were interested in one were also interested in the other. and Spec- 

troscope 

'He possibility that the negative might be induced to record 
the findings of the spectroscope did not escape Huggins and 
Miller in their London laboratory-observatory and they early 
attempted to combine the two. Photography was not then suffi- 
ciently advanced, however, to make the attempt notably 
successful. It was not until the dry plate came that celestial 
photography could take its place as a secure, convenient, and 
universally available method. 

Marvelous star-charts had by this time been taken with the 
old wet plate apparatus. Even stars of the ninth magnitude were 
included in the plates made with Dr. Rutherfurd’s eleven-inch 
telescope. 

But even these results were quickly to be surpassed when the 
silver-bromine plate was available. 

Huggins had, indeed, obtained as early as 1863 a photographic 
image of the spectrum of Sirius, but this was of little value be- 
cause it contained no lines. 

The first successful photograph of the spectrum of a star, in 
which the essential lines showed, was made by Dr. Henry 
Draper in 1872. 
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Hug ging took up the work actively again in 1875, in con- 
nection with his unremitted spectrum work, and the following 
year a photograph of the spectrum of Alpha Lyrae was shown 
by him at the Royal Society. In the same year Draper secured 
valuable spectrum photographs of various of the brightest stars. 

In 1882, both Draper and Huggins obtained photographs of 
the spectrum of the nebula in Orion. 



Fig. 75. — ^Henry Draper (1837-1882). (Adapted from an engraving of 

untraced origin.) 

This achievement — ^recording the spectrum of the faintest of 
celestial objects — ^marked the full maturity of the photographic 
method. Henceforth spectroscopic photography was to take and 
hold a major position in the astronomic world. 

Of course the camera would continue to be used by itself in 
making star-charts. Indeed, a colossal work in this field awaited 
it: nothing less than the star-charting of the entire firmament. 

But the stupendously significant achievement of the New As- 
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tronomy in the ensuing half centuiy was to be the result of the 
coalition of the telescope, spectroscope and photographic nega- 
tive indissolubly united. 

The old instrument and two new ones were to constitute a 
triumvirate of incomparable power in an altogether new type of 
exploration of the secret places of the universe. 

Wherever in the world telescopes were available, one aspect Ptotom- 
or another of the new investigation of the heavens would be Developed 
ardently prosecuted. 

Harvard 

But, as was fitting, Harvard University, scene of the pioneer 
efforts at celestial photography, was well in the van. In particular, 
the early researches there (1882 and subsequently) were directed 
toward the establishment of a standard of relative brightness of 
stars, raising “photometry” to the plane of a highly developed 
science. 

When it was decided to establish a memorial to Dr. Henry 
Draper (who died only a few months later than his father, in 
1882), it was arranged to have this associated with Harvard 
Observatory, and the great star catalogue, with its hundreds of 
thousands of photographic records of star-spectra, was in due 
course issued. 

It was dedicated to Dr. Henry Draper, and its now famous 
classification is generally referred to as the Draper Classification. 

We shall have occasion to examine this new interpretation of 
the nature of the stars more in detail in another connection. For 
the moment we are concerned with the general character of the 
investigation of stellar life made possible by the use of spectro- 
scope and photographic plate, separately or in unison, rather 
than with detailed results. 
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The We have already seen that the first new field to be entered 
was the domain of star-chemistry; that is to say, the investiga- 
Stars tion of the chemical composition of the celestial bodies. 

We saw that certain familiar terrestrial substances were at 
once revealed as constituents of the sun and of the brighter 
stars. 

It remains to be said that before the close of the nineteenth 
century, about half of the elements known on the earth had 
been detected in the sun. One new element had been discovered 
in the sun, and hence given the name helium, or sun-element. 
Subsequently this element was found to be a hitherto unsus- 
pected constituent of the earth’s atmosphere (in minute quanti- 
ties) and a more abundant constituent of the gases in certain 
oil wells, besides being generally distributed through the mineral 
strata of the earth. 

The element thus discovered by the Englishman, Sir Norman 
Lockyer, of whom we shall hear more presently, was to be known 
later as a by-product of the decomposition of radioactive ele- 
ments and to gain popular fame as the gas, which, because of 
its non-inflammable character, is a desirable substitute for hy- 
drogen in filh'ng balloons. 

From the present standpoint, the significance of the discovery 
of this element is that it called attention to the capacity of the 
spectroscope in the domain of solar chemistry. 

That a terrestrial element in universal distribution should 
have been altogether overlooked by laboratory analysts genera- 
tion after generation, to be discovered here only after an as- 
tronomer had located it in the sun and taught the chemist how 
to search for it in his laboratory, was a sequence of events that 
appealed to the popular imagination. 
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Probably this episode did more than any other single achieve- 
ment to give people in general an inkling of the weird capacity of 
the New Astronomy to fathom secrets of the far-off heavenly 
bodies. 

But the spectroscope has a second elemental capacity if pos- 
sible even more astounding. 

It can reach out into space, almost to the confines of telescopic 
vision, and measure the exact speed of fli^t of stars that are 
moving toward us or away from us in the line of sight. By the 
same capacity, it can prove that a binary system is revolving 
and how fast, by noticing the approach or recession of its com- 
ponents. 

Strangest of all, it can reveal the existence of invisible stars — 
“dark stars,” the very phrase a paradox! — ^as the companions of 
visible ones, the shifting spectre of the latter revealing an orbital 
movement. 

Presently thousands of such “spectroscopic binaries” were re- 
vealed, doubles that lie far beyond the most searching powers of 
the unaided telescope. Just as the line-of-sight speed of hun- 
dreds of thousands of stars is revealed, whose movements could 
by no other method avaOable conceivably be tested. 

And of course the photographic negative makes permanent 
record of these things. 

Incidentally it may be added that a single negative may en- 
scroll records the interpretations of which will involve hours, 
da3rs, or even weeks of meticulous scrutiny and measurment on 
the part of a keen-eyed laboratory worker. 

A word now as to the maimer in which the spectroscope 
records its weirdly pmetrative observations of the speed of 
stars that may be distant a hundred or a thousand light-years. 
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Fantastic as the results seem, the principle involved is sim- 
plicity itself. 

It has to do simply with a shift of position of Fraunhofer 
lines in the spectrum. As long ago as 1841, Doppler surmised 
that if the incandescent object that produces the spectrum is 
moving toward the observer, the lines of the spectrum should 
crowd a little toward the violet end; whereas, under the opposite 
condition, they should move toward the red end of the spectrum. 

The principle involved is no different from the crowding to- 
gether of sound waves which results when a whistling locomotive, 
for example, rushes toward the listener, causing the sound to 
rise in pitch; while, after the engine passes, the sound cor- 
respondingly drops as the sound waves are, in effect, pulled wider 
apart by the receding whistle. 

The test as to whether such a shift occurs in the case of mov- 
ing stellar bodies, could be made only when the real meaning of 
the Fraunhofer lines had been detected; for of course the posi- 
tion of a line in the scale depends entirely on the character of 
the incandescent body, or the reversing gas, that causes it. 

But when it is imown that a certain line, or group of lines, 
represents, let us say, hydrogen, it becomes necessary only to 
compare the hydrogen spectrum of a star with a hydrogen spec- 
trum produced in the laboratory. When these two spectra are put 
side by side, or superimposed, if it is seen that the characteristic 
lines are shifted in one direction or another from their normal 
position, measurement or the exact amoimt of this shift may be 
interpreted in terms of actual speed, toward us or away from us, 
of the stellar body. 

That is the whole secret. But the results of application of the 
principle have been astaoishing. 
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The stars are so distant that only a few of the nearest ones 
can be tested for parallax by the trigonometric method which we 
saw illustrated in Bessel’s feat of measuring the distance of 6i 
Cygni. 

The relative distances of a larger number of stars may be in- 
ferred in general terms from the amount of their so-called proper 
motion — their backward drift due really to the forward flight 
of the solar system from which our observations are made. 

This could tell something, did indeed tell much, as to the 
movements of a large number of rdatively neighborly stars. 

But not the faintest conception could be gained as to the 
probable movements of the steller hosts in general, and in par- 
ticular the more distant ones, until spectroscopic photography 
made records of star movements by thousands available for 
measurement. 

Moreover, one revelation linking with another, it was possible 
in numberless cases to estimate the bulk of a binary system, one 
member of which might be totally invisible, through spectro- 
scopic observation of the rate of mutual revolution. 

And, to complete the necromantic appraisal, the actual dis- 
tances of a multitude of stars were revealed through “spectro- 
scopic parallax” — ^utilizing new knowledge as to the mutual rela- 
tions of mass and brilliancy, in connection with the equally new 
knowledge of the constitution of the different types of stellar 
bodies. 

Thus, whereas more than two centuries of telescopic observa- 
tion had elapsed before the distance of a single star was 
measured, and at best only a few stars had proved measurable, 
by the direct-observation method; the distances of thousands of 
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stars were now revealed at a single coup by the joint endeavor 
of spectroscope and photographic negative. 

These new aids served not merely to sharpen the observing 
eye, as the telescope had done, but to supplant the eye altogether 
for purposes of direct observation by proving their fitness for 
functioning of a type for which the unaided eye is totally un- 
fitted. 

Direct observation of images seen through the lens of the 
greatest refractor or in the focus of the largest reflector, reveal 
the stars only as points of light of varying brilliancy and only 
slightly varied color, and give no information whatsoever (except 
by vague inference) as to the chemical constitution, actual 
distance, real size, or line-of-si^t movement of the myriad hosts 
of the firmament. Spectroscopic photographs, on the other hand, 
give definite information as to all these mysterious things. 

Many modem telescopes are made to focus the actinic rays 
toward the violet end of the spectrum rather than the yellow 
rays that the eye sees best. Such telescopes are of course fitted 
with spectroscopes and negatives rather than with visual eye- 
pieces. 

Thqr are, in a word, cameras for star portraiture. The as- 
tronomers who use them have largely ceased to be star-gazers. 
Some of than are not even spoken of as astronomers, but as 
astrophysicists. 

The advance of telescopic vision upon naked-eye observation 
was not greater than the modem advance from direct telescopic 
observation to telescope-spectroscopy and photography. 

The negative exposed for a long period in the focus of a great 
telescope shows m3n:iads of dots, each representing a star, that 
the eye, even using a telescope of equal power, does not register. 




Plate XVII: William Huggins (1824-1910) 

(Pencil sketch based on half-tone in Abbot’s The Earth and the Stars said 
to be from a portrait at the Royal Society of England) 
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Thus literally billions of stars are recorded of the 22nd and 23rd 
magnitudes, the existence of which could otherwise only be sur- 
mised — since the eye (with present telescopic aid) sees none 
beyond the 21st magnitude. 

And of course the spectrographic portraits of millions of stars 
of larger magnitudes furnish permanent records of tell-tale lines 
which could by no chance be interpreted except as they are 
registered on the imchanging photographic plate. 



Fig. 76. — ^E. C. Kckering (1846-1919). (Crow-quilled from a photo- 
graph of an imtraced half-tone.) 

The work of creating what Dr. Abbot has spoken of as a 
“photographic library of the sky, wherein is daily recorded the 
brightness, spectrum, and places of thousands of stars,” has been 
preeminently the task of the Harvard Universily Observatory, 
under auspices of the Henry Draper Memorial, and this consti- 
tutes the important life work of the fourth director of the ob- 
servatory, Professor E. C. Pickering (1846-1919). 

He inaugurated extensive investigations in photographic pho- 
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tometry, variable stars, and spectroscopy, and devised many of 
the instruments necessary for these researches. I quote here Prof. 
Pickering’s successor, Professor Harlow Shapley, who further 
states that Pickering measured personally the majority of the 
magnitudes in the Harvard Photometries. 

An important incidental use of the Harvard “Library” of star 
portraits is that if at any time a new celestial object is discovered, 
the Harvard plates will furnish its previous history for many 
years. If an observer sees what he thmks is a new star, an un- 
listed comet, or a planetoid, he can check his observation by 
reference to plates in the Harvard collection, which will show 
unequivocally whether a stellar body previously existed at the 
location in question. 

Prof. Pickering has recorded that his first experiments were 
made in May, 1885, by placing a prism of 30-degree angle in 
front of the object-glass of the lens. Here he was following out 
a method devised by Father Secchi, the Italian pioneer in this 
field. 

In taking the photographs, no clock work was used. In photo- 
graphing stars without the spectroscope, it is necessary to have 
the telescope move continuously, at precisely the rate to counter- 
act the earth’s movement, so that the image of the star shall be 
sharp, and not a streak on the plate. But in photographing the 
spectrum of a star, it is desirable that the image should shift, 
in order that the spectrum shall be spread out into a band, in- 
stead of being a mere line as it otherwise would be. 

In the thin strip of light that would represent the spectrum 
as an individual star, the Fraunhofer “lines” would be only 
points, not clearly discernible. It is only when the image shifts on 
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the plate that the spectrum becomes a band; across which the 
points have recorded themselves as lines. 

That is why a photograph of spectroscopic star-portraits looks 
like a collection of tiny fragments of ribbon, crossed by lines. 
It is obvious at once that such portraits can be compared one 
with another, as well as studied individually. It is equally obvious 
that direct-eye observation of the spectrum would furnish no 
material for such study or comparison. 



Fig. 77. — Spectra of Stars. (Adapted from an imtraced photograph.) 

Subsequently prisms were constructed having angles of about 
five and fifteen degrees, and clear apertures of twenty centi- 
metres. These could be placed over the object-glass of the photo- 
graphic telescope without reducing the aperture. The one of 
larger angle was found more satisfactory for most purposes. 

It was found desirable presently to make exposures longer than 
the two or three minutes that had proved sufficient for bright 
stars. A method was developed of using the clock-work apparatus 
to drive the telescope, but varying the rate of the dock a little, 
in order to give any width of spectrum desired. 
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It was found that a width of about one millemetre was needed 
to show the fainter line. This distance would he traversed by an 
equatorial star in about twelve seconds. The longest time that it 
is ordinarily conveniait to e:q)ose a plate is about an hour. 

“If then,” says Prof. Pickering, “the clock is made to gain or 
lose twelve seconds an hour, it will have the rate best suited for 
the spectra of the faintest stars. A mean-time clock loses about 
ten seconds an hour. It is only necessary to substitute a mean- 
time clock for the sidereal dock to produce the required rate.” 

A “mean-time” clock is of course a dock that keeps standard 
time. Naturally the astronomer must ordinarily use sidereal time, 
else his machinery will not follow the stars accurately. 

After 1886, when the widow of Henry Draper established the 
memorial to her husband, the project was carried forward of 
photographing the entire sky. Even before the establishment 
of the auxiliary observatory at Arequipa in South America, the 
cataloguing had begun of the spectra of all stars north of the 
tropic of Capricorn of the sixth magnitude and brighter, together 
with more extensive catalogues of spectra of stars brighter than 
the eighth magnitude, and a detailed study of the spectra of the 
bright stars. 

It was this project, as ultimately carried forward by Prof. 
Pickering and his assodate, that resulted in the production of 
the “library” already referred to, and gave such insight into the 
nature of the stars as to lead to a more detailed dassification of 
all the stars into typical groups than had hitherto been possible 
— the only earlier work of consequence along the same lines 
being that of Father Secchi in Italy. 

This dassification, which became famous as the Harvard or 
Draper Memorial Classification will be referred to more at length 
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in a later chapter. With slight modifications it remains the stand- 
ard classification of the stars, through which all are brought 
into a few groups, with numerous subdivisions, the basis for 
grouping being the chemical composition of the various types, 
as registered by the tell-tale Fraunhofer lines of the photo- 
graphic spectrum. 

Long before this work was completed, however, very notable 
discoveries had attended the study of the star-portraits now for 
the first time provided in vast numbers. 

One of the most notable pieces of work done in connection 
with the new spectrum photographs was a careful study by Miss 
A. C. Maury, a niece of Dr. Henry Draper. She compared with 
meticulous care a series of spectrum-portraits, taken on seventy 
nights, of the star known as Zeta Ursae Majoris (the middle 
star in the handle of the Big Dipper, better known as Mizar), 
for particular observation of what is known as the K line. This 
line is ordinarily a conspicuous single one, but Miss Maury had 
discovered that on certain of the pictures it had been transformed 
into a fainter double line. Further observation showed that there 
was an alternation between single and double lines, with an 
intermediate somewhat hazy stage. The line appeared to be 
double at intervals of fifty-two days. 

It was found, too, that the hydrogen line in the various spec- 
trums seemed to be widened when the K line was doubled, and 
that other lines less sharply defined were also doubled simul- 
taneously. 

Summarizing the results of the observations, in an article in 
the American Journal of Science for 1890, Professor Pickering 
said: 
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“The only satisfactory explanation of this phenomenon as 
yet proposed is that the brighter component of this star is it- 
self a double star having components nearly equal in brightness 
and too close to have been separated as yet visually. Also that 
the time of revolution of the system is 104 days. When one 
component is approaching the earth all the lines in its spectrum 
will be moved toward the blue end, while all the lines in the 
spectrum of the other component will be moved by an equal 
amount in the opposite direction if their masses are equal. Each 
line will thus be separated into two. When the motion becomes 
perpendicular to the line of sight the spectral lines recover their 
true wave length and become single.” 

It was further stated that an idea of the actual dimensions of 
the system might be derived from the detailed measurements of 
the shift of spectral lines. It was estimated that the distance 
traveled by one component of the star regarding the other 
would be 900 million miles, and the distance apart of the two 
components 143 million miles, or about that of Mars and the 
sun. The combined mass would be about forty times that of the 
sun, in order to give the required period. 

These are extraordinary revelations to be made by the little 
fragments of ribbons that represent star portraits. In future, 
the pursuit of spectroscopic binaries was to become one of the 
most fruitful occupations of devotees of the new science of as- 
trophysics. 

Forty years later (1924) Lick Observatory, where Aitken and 
Hussey had specialized in double stars, issued a catalogue of 
spectroscopic binaries listing more than a thousand stars of 
this t3pe. 
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XXV 

NORMAN LOCKYER — STARS IN THE MAKING 

T he universe into wliich now, with the aid of spectroscope 
and camera, the investigators penetrated, began to as- 
sume proportions that staggered even the astronomical imagina- 
tion. A generation before, the distances to the “parallactic stars,” 
which are our nearest neighbors had seemed stupendous. 

Light travels at the speed of 186,000 miles per second. At 
that rate, it compasses a vast distance in an hour, an inconceiv- 
able distance in a year. 

Yet the nearest star has been found to be four and a third 
light-years distant; the next nearest ones twice and thrice that. 
It will be recalled that Bessel had estimated the distance of 61 
Cygni, in accordance with his measurement, as 600,000 times 
the distance of the sun. 

Stated in words, that becomes more than fifty-five trillion 
miles; in figures, 55,000,000,000,000. 

Whether stated in words or depicted in figures, such distances 
are totally inconceivable. Terrestrial experience enables us to 
form clear pictures of hundreds of miles, even of thousands; but 
millions lie altogether beyond our “frame of reference.” 

Yet at least a vague conception of relative differences may be 
appreciable. So when it is stated that, whereas the very nearest 
stars are grouped within a radius of from four and a half to 
ten light-years, the great bulk of the stars, even the naked-eye 
visibles, lie at distances of 50, 100, or 1000 light-years, the terms 
are not quite without meaning. 
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And when we go on from this to multiples of even these larger 
figures— speaking of stars at the distance of 50,000 light-years, or 
100,000, 500,000, or even 1,000,000 light-years — ^we at least 
gain an impression of a stellar system of not merely inconceivable 
but overwhelming stupendousness, to describe which no words 
have the remotest semblance of adequacy. 

Tangible illustrations may serve at least to stimulate the 
imagination. 

Sir James Jeans suggests that the stars are perhaps as numerous 
in the galaxy as particles of dust scattered across the great city 
of London. Our sun, of course, would be one of the particles of 
dust— of about average size. Possibly it may help to reflect that, 
according to calculations, if our sun were viewed from the nearest 
star, it would shine as a rather faint star of second magnitude. 
Our earth, of course, would be totally invisible, and even the 
giant Jupiter would become a star of about the 23rd magnitude, 
beyond the limit of vision of the most powerful terrestrial tele- 
scope, but conceivably registered on the photographic plate as 
a mere particle of light removed by only a fraction of a second 
of arc from the sun itself. 

If now we were to chart a celestial map according to scale, in 
which the distance between our sun and the nearest star (an 
actual distance of four and a third light-years) is represented by 
one inch, the flecks of dust representing the remaining stars of 
the nearest groups would be at distances of from a foot to a 
yard; the scattered flecks of dust representing stars of average 
distance would be found here and there in every direction at 
distances of a few yards to several miles; while the dust flecks 
representing the most distant portions of the Milky Way might 
be distant a thousand miles, and the little drifts of dust that 
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pose as spiral nebulae may be at some such distance, perhaps, 
as that which separates New York from Tokio. 

Such crude illustrations, I repeat, may stimulate the imagina- 
tion, but at best may by no means make the dimensions of the 
sidereal universe in any proper sense conceivable. 

But in proportion as these figures lie beyond the grasp of 
imagination, they have better served to bring home to us the 
spectacular character of the achievement of the little prism of 
glass (or finely ruled metal plate) that constitutes the heart of 
the spectroscope, and of the gelatin-coated glass plate of the 
photographic apparatus. 

And even yet the most spectacular and astounding achieve- Penetrat- 
ment of these accessories of the new astronomy has not been 
told. 

Now we are to note that, in the very act of revealing the secrets 
of the universe that have just been outlined, the spectroscope 
has revealed also, and the photographic plate recorded, secrets 
of atomic structure and constitution which are no less wonderful 
in their way— and to contemporary science even more bewilder- 
ing— than the revelation of those secrets of the macroscopic 
world. 

Our conception today of the nature of matter itself has been 
even more fundamentally transformed than our conception of the 
structure of the universe. 

And this transformation, like the other, found its origin in 
spectroscopic study of the sun and stars. 

The evidence that led to the revolutionary conception of the 
nature of matter was at first altogether puzzling to astronomers. 

When its probable import began to be realized, only a few as- 
tronomers, and perhaps no physicists at all, were in the least pre- 
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pared to give it credence. And little wonder. For the evidence 

suggested that the atom itself — then held to be the fundamental 

structure of all matter — ^might be disrupted in the crucible of 

the sun; an atom of oxygen or calcium or iron, for example, 

transformed into something that is not oxygen or calcium or 

iron. 

Such a suggestion was utterly heretical from the standpoint 
of traditional science. 

Few doctrines seemed better established than the doctrine that 
matter is indestructible and that its elementary atoms are non- 
transmutable. 

Were we to suppose that this law is abrogated in the sun and 
stars, when we have just learned that these bodies are constituted 
of familiar terrestrial elements? 

The majority of observers and experimenters of the latter part 
of the 19th century were by no means prepared to accept so 
nihilistic a thesis. 

If the spectra of sun or stars or nebulae showed groupings of 
Fraunhofer lines that did not correspond to any terrestrial ele- 
ments, it was surely simpler to assume that these represented 
undiscovered elements, perhaps only stellar, perhaps also ter- 
restrial, than to assume that elements hitherto known had been 
dissociated or decompounded even under the conditions of exces- 
sive heat and pressure that exist in the vast sidereal bodies. 

A few exceptional men, however, took the opposite view. Nota- 
ble among these was Sir Norman Lockyer, discoverer jointly 
with P. J. C. Janssen of helium, one of the keenest-eyed users 
of the spectroscope, and perhaps the most creatively imaginative 
astronomer of his generation. 

The smoky atmosphere of South Kensington, London, did not 
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prevent Lockyer from prosecuting actively and with marked suc- 
cess the methods of the new astronomy. 

His place of observation was known, indeed, as the Solar 
Physics Observatory. 

The term Astrophysics was coming into vogue, as an appro- 
priate name for the new t5rpe of astronomical investigation, which 



Fig. 78. — P. J. C. Janssen (1824-1907). (Crow-quilled from half- 
tone in Shaplq?- and Howarth’s Source Book in Astronomy. Origin not 
traced.) 

concerned itself, as we have seen, with the constitution of stellar 
bodies and the construction of the universe rather than with 
mere observation and measurement of the location of stars. 

The institution of which Lockyer was the head, was one of 
the first, if not the very first, whose name suggested the character 
of the new astronomy. 
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Obviously the phrase “Solar Physics” would have had only 
the vaguest meaning in the day of the old astronomy, prior to 
1859. 

A recent commentator has said very justly of Lockyer that it 
was typical of the quality of his mind that he could never be 
satisfied with discovering a fact without trying immediately to 
understand the reason for it. “When a second fact was dis- 
covered, it had to be brought into relation with the first, and 
if this could not be done consistently with current ideas, current 
ideas had to be abandoned.” 

Add that Lockyer was no less ready to abandon a “current 
idea” because it chanced to be an idea that he had himself origi- 
nated, and we have a true picture of the mental attitude of a 
man bom to be an innovator in his field of science, yet bound 
to submit every new hypothesis to experimental tests, and to 
weigh evidences impartially, without regard to its novelty. 

Such, be it understood, is by no means the mental attitude 
of scientific investigators in general. The average man of science 
is in this regard not far different from the average lajntnan. 
Perhaps xmconsciously, but none the less consistently, he is im- 
pelled, when confronted with new discoveries that he cannot at 
once bring into relation with current ideas, to abandon, not the 
current ideas, but the new discoveries. 

That is why it takes two or three generations for a really 
revolutionary idea, however well fortified, to make its way in 
the scientific world. 

Witness, if you wish a striking example, Tycho Brahe, the 
great observer, confronted by the Copernican conception. 

Witness by way of contrast, Kepler and Galileo, men of imagi- 
native genius — observers, but also thinkers. 
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Of the type of Galileo and Kepler and perhaps not below the 
exalted plane of their creative mentalities, was Sir Norman 
Lockyer. 

Like Kepler, Galileo, and Newton, and perhaps in greater 
measure than any one astronomer subsequent to them, he was 
the originator of new ideas and theories, based on experimental 
evidence in large measure of his own finding, and tested in a 
forge fanned by enthusiasm held sanely in check by logical 
reasoning. 

The new physical conception with which Lockyer’s name will The 
always be associated, was the conception of the dissociation of 
elements in the furnace of the sun. The expansive cosmogonic Elements 
speculation that grew out of this thesis was called by its author 
the Meteoritic Hypothesis. 

It constitutes the most comprehensive scheme of the origin 
and evolution of the stars that hitherto had been propounded. 

We cannot better summarize the status of the new astronomy, 
as represented by the advance guard of its proponent, than by 
briefly presenting the essentials of the hypothesis of the dissocia- 
tion of chemical elements and the story of the history of the 
universe as conceived by the meteoritic hypothesis. 

The present presentation may be brief, because we shall return 
to the subject in a later chapter. 

The gist of Lockyer’s dissociation hypothesis was merely that 
elementary atoms, hitherto supposed to be elastic, indivisible 
particles, are variously modified or dissociated in the crucible 
of the sun. 

We shall see in later chapters that this conception became a 
commonplace of physical science only a generation after the 
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time when its author vainly strove to convince his contemporaries 
of its validity. 

Writing recently, Prof. Herbert Dingle, of the Royal College 
of Science, London, mates this unequivocal declaration; 

“Taking a comprehensive view of the theory, we can see that, 
thou^ Lockyer’s conceptions were incomplete, they were alwa}^ 
essentially right. Though the character of the dissociation which 
he conceived has not been established— though it has turned out 
to be a physical rather than a chemical process — ^yet dissociation 
of a special kind is now acknowledged to take place. Lockyer’s 
spectroscopic discoveries and theories will, in all probability, 
prove to be his most lasting memorial in the realm of pure 
science.” 

The meteoritic hypothesis views the universe constructively, 
and attempts to explain the origin and destiny of the stellar 
bodies. 

Outlined in few words, it is an attempt to explain all the major 
phenomena of the universe as due directly or indirectly to the 
gravitational impact of such meteoric particles, or specks of 
cosmic dust, as comets are composed of. 

Nebulae are regarded as vast cometary clouds, with particles 
more or less widdy separated, giving out gases through meteoric 
collisions, internal or external, and perhaps glowing also with 
dectric or phosphorescent light. 

Gravity eventually brings the nebular partides into doser 
aggregations, and increased collisions finally vaporize the entire 
mass, forming planetary nebdae and gaseous stars. 

Continued condensation may make the stellar mass hotter and 
more luminous for a time, but eventually leads to its liquefaction. 
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and ultimate consolidation — the aforetime nebulae becoming in 
the end a dark or planetary star. 

The exact correlation which Lockyer attempted to point out 
between successive stages of meteoric condensation and the vari- 
ous types of observed stellar bodies did not meet with unanimous 
acceptance. Mr. Ranuard, for example, suggested that the visi- 
ble nebulae may not be nascent stars, but emanations from stars, 
and that the true pre-stellar nebulae are invisible until con- 
densed to stellar proportions. But such details aside, the broad 
general hypothesis that all the bodies of the universe are, so to 
speak, of a single species — that nebulae (including comets), stars 
of all types, and planets, are but varying stages in the life- 
history of a single race or type of cosmic organisms — ^was ac- 
cepted by the contemporaries of Lockyer as having the highest 
warrant of scientific probability. 

All this, clearly, is but an amplification of that nebular hypoth- 
esis which, long before the spectroscope gave us warrant ac- 
curately to judge our sidereal neighbors, had boldly imagined 
the development of stars out of nebulae and of planets out of 
stars. 

But Lockyer’s hypothesis does not stop with this. Having World- 
traced the developmental process from the nebular to the dark Smaslimg 
star, it sees no cause to abandon this dark star to its fate by 
assuming, as the original speculation assumed, that this is a 
culminating and final stage of cosmic existence. 

For the dark star, though its molecular activities have come 
to relative stability and impotence, still retains the enormous 
potentialities of molar motion; and clearly, where motion is, 
stasis is not. 

Sooner or later, in its ceaseless flight throu^ space, the dark 
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star must collide with some other stellar body, as Dr. Croll 
imagines of the dark bodies which his “pre-nebular theory” 
postulates. 

Such collision may be long delayed; the dark star may be 
dravm in comet-like circuit about thousands of other stellar 
masses, and be hurtled on thousands of diverse parabolic or 
elliptical orbits, before it chances to collide — ^but that matters 
not: “billions are the units in the arithmetic of eternity,” and 
sooner or later, we can hardly doubt, a collision must occur. 

Then without question the mutual impact must shatter both 
colliding bodies into vapor, or vapor combined with meteoric 
fragments; in short, into a veritable nebula, the matrix of future 
worlds. 

Thus the dark star, which is the last term of one series of 
cosmic changes, becomes the first term of another series — at once 
a post-nebular and a pre-nebular condition; and the nebular hy- 
pothesis, thus amplified, ceases to be a mere linear scale, and is 
rounded out to connote an imending series of cosmic cycles, more 
nearly satisfying the imagination. 

In this extended view, nebxdae and luminous stars are but 
the infantile and adolescent stages of the life-history of the cosmic 
individual; the dark star, its adult stage, or time of true virility. 
Or we may think of the shrunken dark star as the germ-cell, the 
pollen-grain, of the cosmic organism. Reduced in size, as be- 
comes a germ-cell, to a mere fraction of the nebular body from 
which it sprang, it yet retains within its seemingly non-vital 
body aU the potentialities of the original organism, and requires 
only to blend with a fellow-ceU to bring a new generation into 
being. 

Thus may the cosmic race whose aggregate census makes up 




Plate XVIII: Norman Lockyer (1836-1920) 

(Pencil interpretation of a half-tone in the Life and Work of Sir 
Norman Lockyer, said to be from a Daguerreotype of about 1856) 
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the stellar universe, be perpetuated — ^individual solar systems, 
such as ours, being born, and growing old, and dying to live 
again in their descendants, while the universe as a whole main- 
tains its unified integrity throughout all these internal mutations 
— ^passing on, it may be, by infinitesimal stages, to a culmination 
hopelessly beyond human comprehension. 

Such was the conception of cosmogony of the most imagina- 
tive astronomer of his time. His book on stellar evolution, issued 
in 1900, marks the culmination of cosmogonic speculation in 
the 19th century. We shall see in due course to what extent the 
theory was to be accepted, and in what respects modified, by the 
astrophysicists of the ensuing generation. It will appear that the 
comprehensive cosmogonic speculation to be examined in later 
chapters is an elaboration, rather than a contradiction, of Lock- 
yer’s hypothesis. 

To illustrate the estimate of Lockyer’s hypothesis by one whose 
special studies at a later day give his opinion peculiar signifi- 
cance, the words of Professor Henry Norris Russell may be 
quoted. 

After citing Lockyer’s interpretation of the disappearance of 
certain spectrum lines in the hotter stars as due to the complete 
dissociation of calcium or iron, into “proto-calcium,” “proto- 
iron,” and the like, and his attribution of even the enhanced 
lines of the metals to a further dissociation of these proto de- 
ments, Prof. Russell (writing in 1928) continues: 

“AH this sounds amazingly modem, and it seems almost in- 
credible that these quotations are made from a paper thirty 
years old, and that many of the ideas run back nearly twenty 
years further. The theory of ionization, and its influence upon 
spectra, which was first introduced to astronomers by Saha in 
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1922 — twenty-five years later than Lockyer’s summary of his 
long researches — ^has proved exceedingly fruitful, and has made 
good its claim at all points. Such a theory, involving as it does 
the electrical structure of matter, goes quite beyond the limits 
of the physical knowledge of 1897; but it is really extraordinary 
how completely, and how accurately, those features of it which 
were within the range of legitimate physical theory, or even 
speculation, at the earlier date were enunciated by Sir Norman 
Lockyer.” 

Again Professor Russell credits Lockyer with being the first 
to suggest the use of spectroscopic material for distinguishing 
between stars of certain groups, and adds that, of the four 
criteria suggested by Lockyer, the first is now generally recog- 
nized as a conspicuous characteristic of stars of the type referred 
to; the second (having to do with the sharpness of the spectro- 
scopic lines) is basic in the methods for determining spec- 
troscopic absolute magnitudes of the hotter stars, developed at 
Mt. Wilson; while the third criterion is supported by the latest 
work at Mt. Wilson, and the fourth can hardly be tested with 
existing material. 

And as a concluding estimate, referring to yet another of 
Lockyer’s heretical interpretations of spectroscopic observations 
this tribute is paid: 

“Had Lockyer been spared for a few years longer he would 
have seen his identification of the various stages of the excita- 
tion of silicon confirmed by Fowler and his theory of atomic 
dissociations re-established in a central position in astrophysics 
by the work of a multitude of investigators. His fame should 
grow as time passes. Not least among the pioneers of astrophysics 
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in his observational contributions, in his insight into the true 
nature of its problems he stands without a rival.” 


XXVI 

KEELER — CHAMBERLIN — ^MOULTON — THE ORIGIN OF 
THE WORLD 

C ENTURY marks are of course only arbitrary divisions of 
time. But they enter so constantly into human calculations 
that it is difficult not to regard them as actual mile-stones of 
progress. So it seems altogether fitting that a brand-new ex- 
planation of the origin of the solar system should have been one 
of the earliest contributions to theory and knowledge at the 
beginning of the twentieth century. 

It is a doubly auspicious augury that the idea should have come 
out of America — as the first great contribution to the theory 
of world-making that has originated in the western hemisphere. 

The new theory found its origin or at least its chief tangible 
support, in the observations of a famous American astronomer. 
Professor Keeler, then director of the Lick Observatory. This 
keen-eyed observer devoted the last two years of his life (1898- 
1900) to the special investigation of that curious member of 
the celestial family, the nebula. Working with the famous three- 
foot telescope known as the Crossley reflector, Keeler found that 
the universe is thickly tenanted with nebulae. He estimated that 
at least 120,000 of these bodies lay within the range of his vision 
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as aided by tbe three-foot mirror. Several times that number 
are probably visible in the five-foot reflector since then installed 
at the Mt. Wilson Observatory. 

Of course nebulae were no new discovery. A certain number 
of them had been observed ever since telescopes were invented. 
One or two are even faintly visible like misty stars, to the naked 
eye. But the importance of Professor Keeler’s observations con- 



Fig. 79. — ^James Edward Keeler (1857-1900). (Crow-quilled from 
photograph by Brown Brothers. Original source not traced.) 

sisted (i) in showing the vast abundance of these curious struc- 
tures, and (2) in revealing the very striking fact that a large 
preponderance of the nebulae have a spiral structure. As the 
photographic film was made to supplement direct vision, revealing 
tenuosities of nebular structure that the eye cannot detect, it 
became increasingly evident that the spiral is, so to say, the 
t3q)ical form of nebulae as a dass. And this suggested some 
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highly interesting questions as to method of world building as 
will appear in a moment. 

Quite aside from their relation to world-making, however, 
these spiral nebulae are telescopic objects of peculiar picturesque- 
ness. They seem to be great luminous whirlpools of incandescent 
matter. Perhaps to the average eye they suggest more than any- 
thing else the popular and familiar type of firework called the 
pin-wheel. 



Fro. 80. — Spiral Nebula in Canes Venatid. (Crow-quilled from photo- 
graph probably made at Mt. Wilson Observatory.) 

If you partially close your eyes and look at the photograph of 
a spiral nebula (a particularly good one is- here reproduced) you 
can easily imagine that it represents a whirligig of fire, two 
revolving points making a pair of entwined incandescent spirals, 
and the sputtering flames sending out clouds of sparks and 
luminous smoke in an ever-widening circle. 

Now in the point of fact, something very like this is the in- 
terpretation which the astronomer puts upon the spiral nebula. 
He believes that its central luminous nucleus is an incandescent 
gaseous body like our sim, and that the two spirals that lead 
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out from it, with their irregularly scattered foci of light, and 
their filmy veils of luminous smoke, represent matter that has 
burst forth from the central body, and that is now revolving 
upon the central axis very much as the pin-wheel revolves about 
its central pin. 

Only of course the axis in this case is an imaginary body, like 
the axis of our sun or the earth’s pole, and the span of the 
entire nebula is to be measured in tmthinkable millions of miles. 

There is a nebula in the constellation of Andromeda that is 
estimated to be so wide that light requires about fifty thousand 
years to span it. (This new estimate supplants the older estimate 
of eight years — illustrating the expansion of ideas in the con- 
temporary epoch.) It is faintly visible to the naked eye. 

Regardless of size, however, what gives the spiral nebula in- 
terest from the present standpoint is the fact that nebulae have 
long been regarded as the matrix out of which solar systems such 
as ours are developed. 

For about a hundred years astronomers had held as stock 
doctrine the theory of Laplace, according to which our solar 
system originated from a super-heated gaseous globe which 
contracted as it cooled, and from time to time threw off rings 
of its equatorial substance that became planets. 

But Professor Keeler’s nebulae seemed to contradict this theory. 
The spiral nebulae quite obviously is not a uniformly gaseous 
mass. There is filmy, tenuous matter permeating its structure, 
but its main substance seems to be composed of more or less 
discrete nodules or nuclei. 

The Spiral Professor Keeler himself noted this discrepancy, but it re- 
“ained for Professor T. C. Chamberlin, of the University of 
Worlds Chicago, and his younger colleague. Professor T. R. Moulton, 
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to take the matter up, and to develop a new theory of world- 
making based on observation of the spiral nebula, but harmo- 
nized with all the new facts of astronomy and geology that had 
come to contradict the old hypothesis. 

The new theory assumes that the t37pical spiral nebula, as 
revealed to us by the telescope, is in point of fact the parent 
structure of a solar system such as ours. 

Stated otherwise, it assumes that our solar system was once 
a spiral nebula differing only in size from any one of the hun- 
dreds of thousands of such bodies that still tenant the universe. 

It further assumes that the clustered masses to be seen here and 
there along the arms of the spiral nebula (knots in the skein, 
Professor Chamberlin has suggestively called them) are -nuclei 
out of which will ultimately develop a group of planets more or 
less similar to those that constitute the sun’s family. 

A spiral nebula then, in this view, is a system of worlds in The 
the making. 

The central nucleus is the future sim. Various of the spots Theoj 
that lie along the arms of the spiral are the nuclei of future 
planets. Professor Chamberlin calls nuclei of all sizes “planetesi- 
mals” because they are supposed to be revolving in independent 
orbits, like miniature planets. Hence the name “planetesimal 
theory.” 

It is obvious at a glance that the larger nuclei — ^bigger frag- 
ments of world stuff — make up the structure of the spiral arms. 

It is possible that matter is streaming along these arms as it 
appears to be. In any case, the entire structure is revolving as 
if it were a solid body. The larger nuclei, however, necessarily 
exert a gravitational influence over the smaller planetesimals 
in their neighborhood; hence an incessant shower of smaller par- 
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tides will fall against each larger nudeus and this augments its 
size and its gravitational power. 

As time goes on, each of these growing nudei will (through 
gravitation) suck in the matter from the space about it, as a 
vacuum cleaner sucks in dust, xmtil ultimately each larger body 
will be revolving in a dear space. 

Thus the myriads of planetesimals will have been aggregated 
into a small number of planets; and the spiral nebula will have 
been developed into a planetary system. The original central 
nucleus of the nebula, having drawn to itself the cloud of minor 
planetesimals in its neighborhood, becomes a detached central 
sun. 

According to this theory, then, our earth, in common with 
its sister planets, was never a gaseous ring, nor yet a liqmd 
globe; but was built up about a more or less solid nudeus by a 
perpetual meteoric bombardment. 

Larger planets of our system may have gathered matter so 
rapidly, thanks to their greater gravitational power, as to super- 
heat their substance to the stage of liquidity or gaseousness. 

Such according to some theorists is still the condition of Jupi- 
ter and Saturn and probably also' of Uranus and Neptune. Unless, 
indeed, Jupiter is ice-cold, as some recent heat-tests appear to 
suggest — ^which would be qxiite accordant with the planetesimal 
theory. 

In any event our earth and the other smaller planets were 
probably from the beginning solid m structure, though doubt- 
less developing a high interior temperature, throu^ impact and 
compression. Their growth woxild be decreasingly rapid as the 
outlying planetesimal matter within their sphere was more nearly 
exhausted. But their growth continues, in a minor degree, even 
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now; for it is well known that the earth sweeps up something 
like a hundred million meteors each day, — these meteors being, 
supposedly, belated fragments of the original spiral nebula. 

Occasionally a larger fragment of world-stuff in the form of 
a giant meteorite falls into our atmosphere and finds at last a 
resting place on the earth. 



Fig. 81. — ^Jupiter (Redrawn from photo by Dr. £. C. Slipher.) 

“Give a dog a bad name and you soon hang it,” says the old TheDis- 
proverb. It seems to be much the same with a theory. Once you 
challenge it with a discordant fact or two, new evidence against it of Phoebe 
begins to crop up on every side. So it is not strange that just 
as Professors Chamberlin and Moulton were challenging the 
theory of Laplace, a very striking piece of evidence against the 
theory should have been brought to light from a quite unexpected 
quarter. 





390 GREAT ASTRONOMERS 

The new evidence was secured by another American astrono- 
mer, Professor W. H. Pickering. While examining a star photo- 
graph made at the observatory established by Harvard University 
at Arequipa in South America, Professor Pickering noticed a 
hitherto undescribed minute star lying in the neighborhood oi 
the planet Saturn. 

He strongly suspected it of being a new satellite. 



Fig. 82. — ^Professor W. H. Pickering Studying Star Negatives. (Crow- 
quilled from Brown Brothers’ photograph.) 

But he had not the time to follow up the course of the little 
body at the moment, and it was not imtil 1904 that he redis- 
covered it, and by noting its shift of position from night to night, 
proved that it is really a far-outlying moon of Saturn. 

To this new found niece of old Mother Earth, Professor Pick- 
ering gave the name of Phoebe. 

Now Saturn was already known to be provided with an abun- 
dant family, eight moons having previously been recognized in 
addition to the unique system of rings. Therefore the advent 
of this ninth satellite would not have created any great sensa- 
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tion in the astronomical world had it not been made evident 
that Phoebe is behaving in a most anomalous manner. Not only 
has she taken up her position at a vast distance from her parent 
orb, but she is actually revolving in opposite direction to the 
direction of rotation of Saturn and the orbits of revolution of 
all the other moons. 

A tenth was believed to be discovered a little later (1905) by 
Professor Pickering but this discovery has not been confirmed. 

It will be recalled that according to the hypothesis of La- 
place each satellite has been spun off from the equatorial belt 
of its parent planet, and hence must obviously go on revolving 
in the direction of the parent body’s rotation. Our moon follows 
this rule; so do the four moons of Mars, the five moons of Jupi- 
ter that were then known, and the eight previously known 
satellites of Saturn. The rings of Saturn had also been proved 
to spin about in the same way; indeed, the system of Saturn 
had often been pointed to as in itself presenting what might 
almost be called a working model of the Laplacian h3q)othesis 
of worlds in the making. 

And now comes this ninth satellite, like a broken cog in the 
wheel, to interfere with the harmonious arrangement of this 
pleasing mechanism. Phoebe is but an inconsequential body as 
to mere size. And she is so distant from us that, as Professor 
Poor estimates, to see her at all puts a test on our telescopes 
equivalent to what would be required if one were to stand in 
New York and attempt to watch a humming bird flitting about 
the flower beds in the garden of the Capitol at Washington. 

Yet this one tiny satellite moving in reverse order seemed to 
disprove the entire theory as to the origin of worlds. 

For, be it understood, exceptions do not prove rules in the 
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scientific world — ^they disprove them. This single refractory little 
satellite would upset the nebular hypothesis more convincingly 
than all Professor Chamberlin’s reasoning— unless a way could 
be found to explain its anomalous conduct. 

But mathematicians are resourceful in sustaining accepted 
hypotheses, and of course the old theory was not to be given 
up without debate. More than one explanation was put forward 
that might conceivably account for Phoebe’s eccentricity. 

In particular Professor Pickering himself explained it pic- 
turesquely by assuming that Saturn had originally rotated in the 
reverse direction, but that subsequent to the detachment of the 
ninth satellite the planet had turned completely over owing to 
what is called the processional effect of the sun’s gravitational 
puU on its bulging equator, which acted as a sort of tidal brake. 

You can illustrate the effect very clearly if you will experi- 
ment with a kind of top or gyroscope that whirls in so-called 
gimbal rings. 

This top will spin for a long time without changing its direc- 
tion of axis if not interfered with. 

But if you touch your finger to its rim (tidal brake) you 
will cause it to twist to one side, and as you continue the pres- 
sure you win see the top turn completely over and remain there 
(the obstruction being removed) spinning in the opposite direc- 
tion to that which it had at first. 

This interesting theory of the overturning of the planets ap- 
plies of course to other members of the system, including the 
earth. 

It finds partial support in the vertical revolution of the satel- 
lites of Uranus. 

But another complication was introduced when Professor Per- 
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rine in 1905 made photographic discovery of two new moons 
in the system of Jupiter (the sixth and seventh) which seemed 
to be revolving in almost the same orbit, but one of them going 
forward, the other (No. VII) in retrograde direction. 

Subsequent observation did not confirm the retrograde move- 
ment of the seventh satellite. But in 1908 Melotte at Greenwich 
discovered an eighth satellite, and a ninth was discovered in 1914 
by Nicholson at Lick Observatory, and both of these are retro- 
grade. These outer satellites could not be accounted for by the 
old theory. Then there remain such anomalies as the exceedingly 
rapid rotation of the innermost moon of Mars; the ever-puzzling 
fact that neither the sim itself nor any of the planets revolves 
fast enough to produce a centrifugal effect adequate to overcome 
the attraction of gravitation; and the vital fact that the planets 
do not revolve in the plane of the sun’s equator. 

So even the bizarre theory of overturned planets would not 
avail to rescue the nebular hypothesis. 

Moreover Professor Moulton in 1909 carried out an daborate 
mathematical investigation which seems to render it at least 
doubtful (i) whether a revolving gaseous body, such as the 
original Laplacian nebula is supposed to have been, could devdop 
the mechanical conditions necessary to whirl off a ring of its 
substance, and (2) whether such a ring could assume the form 
of a planet even if it were detached. 

The planetesimal theory, on the other hand, seems to afford 
a fairly satisfactory explanation of all the observed anomalies of 
planetary revolution and rotation, without doing violence to any 
recognized law of mechanics. 

For example, the crucial facts that the sun rotates slowly and 
that the planets do not revolve in the plane of the sun’s equator. 
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present no difficulties, since neither the direction nor the speed 
of the sun’s rotation is conceived as having had anything to do 
with the genesis of the planetary system. 

The sun merely continues to rotate — ^like the big top that 
it is — on the same axis and with a good deal the same speed 
that it had before the explosive outburst occurred which pro- 
duced the spiral nebula out of which the planets have developed. 

The planets themselves, as they were built up about nuclei 
or masses in the spiral nebula, might at first have no motion of 
rotation, but would begin to rotate in response to the influence 
of impinging planetesimals. 

Professor Moulton shows that the results of such impingement 
would be generally, but not necessarily, to give a forward rota- 
tion somewhat in the plane of revolution. But the presence of 
other large masses (future moons) near by may alter this; and 
there is no theoretical reason why any degree of aberration 
might not be observed. Thus the variously tipped axes of the 
planets are accounted for. 

Again, outlying masses that were not at first part of a given 
planetary system might be brought within the influence of a 
forming planet at a relatively late stage (somewhat as Jupiter 
even now captures comets), and these captives might revolve in 
any plane or in any direction, just as comets do. So the retro- 
grade revolution of Phoebe is explained; also the aberrant revo- 
lution of the moons of Uranus and Saturn. Likewise the speed 
of Little Phobos, which races three times round Mars while that 
planet is revolving once. 

There is no restriction put upon the speed of a satellite by 
the rotation speed of its primary according to the new theory. 

It may be added that Professor See of the Marine Observatory 
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at Mare Island, California, has elaborated this capture theory, 
in particular with reference to the asteroids, which he thinks 
were drawn into their orbits by Jupiter. Our moon also he re- 
gards as a capture product. Its curiously marked face, he thinks, 
shows the effect of the impact of asteroids as it came through 
their zone. Each lunar crater, in his view, marks the tomb of a 
planetoid, and not the location of a former volcano. 

The planetoids themselves, by the way, were always stumbling 
blocks to the Laplacian hypothesis. In the new view they are 
simply largish planetesimals that did not chance to lie near a 
larger nucleus or condensation and hence have remained isolated, 
like mjuriads of the yet smaller fragments we call meteorites. 

In a word, then, the planetesimal theory seems to have a high 
degree of probability. It is easily the most plausible hs^pothesis 
of the origin of the solar system that has ever been advanced. 
It is peculiarly hospitable to various interpretations as to details 
of progression in world-making. No known fact of astronomy 
or mechanics contradicts it vitally; a multitude of facts support it. 

Of course it is not utterly nugatory of all that went before. 
We have seen that the new theory, like the old, conceives the 
solar system to have originated from a nebula — ^it is still a 
“nebula” hypothesis. 

But the entire change of view that it contemplates in regard 
both to the original state of the nebula and the stages of evolu- 
tion through which a planetary system is evolved, is so radical 
that the theory is fully entitled to be regarded not only as novel 
but in a sense as revolutionary. It extends to the planetary sys- 
tem in detail the principles of world-building made familiar 
through Lockyer’s famous meteoritic theory of sidereal 
cosmogony. 
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The If, then, we give at least provisional recognition to the spiral 
nebula as the “Mother of Worlds,” a question naturally arises 
Nebulae as to how this interesting structure itself came into being. 

Professor Moulton answers this question in detail. He tells 
us that what we now view as a spiral nebula was aforetime (let 
us say a billion or a hundred billion years ago) a gaseous star, 
not particularly different from millions of others that exist in 
the sky today, or for that matter from our sun itself. 

But it chanced that in its progress through space this star 
flew in a direction which brought it ultimately in the neighbor- 
hood of another star. Unless the scheme of the imiverse is some- 
thbg quite different from what we now imagine, this must happen 
in course of time to every stellar body. All the stars are moving, 
and their rate of speed in terms of modern measurement may 
be scores of miles, even hundreds of miles, per second. They are 
moving in different directions, in groups, clusters, pairs, or singly, 
and it would seem inevitable that their paths must cross. 

It will not often happen, in all probability, that two stars will 
meet head on. But they may exert a tremendous mutual influence 
without actually colliding. A French astronomer named Roche 
made, about 1850, a very notable estimate to the effect that 
if two stellar bodies of unequal size approach each other within 
a distance of about two and a half radii of the larger, the power 
of gravitation will suffice to tear the structure of the smaller 
body asunder. 

To make the illustration specific, if a body as large as the 
moon were to come within somethmg less than 10,000 miles of 
the earth, the small body would explode like a bomb and its 
fragments would be scattered out into space. This critical distance 
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of two and a half radii (more exactly 2.44) is known to astrono- 
mers as Roche’s limit. 

Saturn’s rings lie within this limit, and seemingly illustrate the 
law, as they consist of comminuted particles of world-stuff. 

But suppose now that two stars hurtling through space ap- 
proach each other at such an angle as not to come within the 
dangerous explosion zone (Roche’s limit) but, on the other hand, 
near enough to exert a mutual tidal strain of tremendous power. 
Gigantic tides will then be raised on each of the bodies, and 
even though their structures as a whole are not disrupted, there 
will be a vast eruption of their gaseous substance from opposite 
sides of both bodies. 

That the tidal effect should be manifested equally in opposite 
directions, is well understood by mathematicians. To the non- 
mathematical mind, the fact, though puzzling, is made familiar 
by the twice-daily recurrence of the ocean tides. 

If we look closely at the photograph of a spiral nebula, we 
shall see that the two spiral arms do in point of fact originate 
exactly opposite each other in the structure of the globular central 
nucleus. 

The eruptive mass which thus burst forth with explosive vio- 
lence from each side of the star would stream straight out into 
space in opposite directions and each stream would ultimatdy 
fall directly back upon the body from which it came, as a ball 
drops back to the earth when you toss it into the air, were it 
not that the gravitational influence of the passing star, which 
caused the eruption, continues to make itself felt upon the erupted 
matter. The main eruption would occur just at the moment when 
the stars were nearest each other, minor eruptions would have 
taken place while the stars were approaching and will continue 
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for some time as they recede. And all the matter both of major 
and minor eruptions will be drawn aside from a direct outward 
flight by the gravitation pull which shifts its direction constantly 
with the movement of the passing body. 

The result will be, as Professor Moulton has demonstrated 
mathematically, that the two main eruptive streams will be 
drawn out to form independent spirals, the space between which 
will be more or less filled with matter from the minor eruptions; 
and that each particle of eruptive matter will ultimately settle 
into an elliptical course, for the most part permanently detached 
from the central nucleus. 

In other words, such a form as we see actually taken by the 
spiral nebula is fully accounted for. 
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THE NEW HEAVENS 

“If the stars should appear one night in a 
thousand years, how would men believe and 
adore; and preserve for many generations the 
remembrance of the dty of God which had been 
shown! But every night come out these envoys 
of beauty, and light the universe with their 
admonishing smile.” 


— Emerson, 
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THE NEW HEAVENS 

Lift up your eyes to the heavens, and look 
upon the earth beneath: for the heavens shall 
vanish away like smoke, and the earth shall 
wax old like a garment. 

Isaiah — LI^ 6 . 

T he heavens shall vanish away like smoke. A prophetic 
vision! After something like three thousand years, the 
telescope of the astronomer has made it a reality. The old Heav- 
ens have indeed vanished. What would Isaiah say could he come 
back to learn the manner of their vanishment? 

I shall not attempt to answer that question. But I wish briefly 
to summarize some salient aspects of the contemporary view of 
the new heavens; in particular to review in the briefest manner 
the essential aspects of new knowledge revealed by contemporary 
star-gazers and their associate workers, and to interpret the bear- 
ings of the new revelations on questions, of cosmology and 
cosmogony. 

Never was there greater activity in the field of astronomy than 
in our generation. Never before were so many men engaged in 
the investigation of one aspect or another of the multifarious 
problems that confront the watcher of the skies. Were we to 
attempt merely to glance into all these fields, the result would 
be confusion rather than clarification. We must be content to 
select a few salient aspects, not, perhaps, because they have 
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greater importance than other aspects, but because they bear 
more directly upon the larger problems of the origin and destiny 
of the universe. 

Stated otherwise, problems that concern the evolution of the 
celestial mechanism; the origin of the world-system; the sequence 
of changes signalizing the life-history of a star. 

In particular we must ask whether the astronomer of our 
day is prepared to write a new story of the creation of the 
universe in lieu of the abandoned one, and to make a new fore- 
cast as to the future history of the universe in general and the 
solar system in particular. 

That would be a large order if one contemplated an exhaustive 
treatment. 

But for the outline here contemplated (presented in part by 
way of recapitulation) it is not so formidable. Perhaps it may 
not lead us to results as conclusive as we might desire. As to 
that, we shall see what we shall see. 

At the outset, let it be recalled that only a few things at most 
that could in any proper sense be called new and original are 
achieved in any single generation. 

The seemingly new ideas and discoveries that gain prominence 
in any age, are almost without exception— as the history of 
science reveals— merely old ideas revived, rejuvenated, and 
forced into view of a generation whose predecessors had refused 
to receive them. 

Thus it was that even the revolutionary conception of Coper- 
nicus had been anticipated by Aristarchus in the old Greek days; 
the Nebular Hypothesis of Laplace was but a mathematical elab- 
oration of the unaccepted nebular h)rpothesis of Kant, who had 
also amazing prevision of a theory of the slowing of the earth’s 
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rotation by tidal influence which has only been revived in our 
own day. 

The newest conception of the spiral nebulae as “island uni- 
verses” far beyond our galactic system, but restates the case 
as it was put forward by the elder Herschel, who in turn bor- 
rowed it from Kant (the same immortal philosopher already 
twice mentioned), just as he borrowed his “grindstone theory” 
of the universe (now again at the fore) from another of his 
predecessors, Thomas Wright. 

It is no disparagement to present-day workers, then, to say 
that their tasks are for the most part not new. 

On the other hand, it would do less than justice to the work 
of some of them were we not to recognise that, as words are 
ordinarily used, their contributions are essentially original. 

For example, the classic work of Langley and Abbot on solar 
radiation, carried out with that necromantic instrument, the 
bolometer; the spectacular achievements of Campbell and Boss 
and Kapteyn in the observation and interpretation of the move- 
ments of stars; the laborious and brilliant work of Pickering and 
his successor Shapley and their associates in the spectroscopic 
survey of the heavens; the weirdly penetrating scrutiny of the 
sun by Hale; and the exploration of the depths of space with 
giant telescopes by the zissociates at Mt. Wilson; the dazzling 
measurement of the diameter of a star by the interferometer of 
Michelson; the paradoxical interpretation of the imiverse by 
Einstein; and the penetrative cosmogonic speculations of Cham- 
berlin and Morilton, of Heitzsprung and Russell, of Sir James 
Jeans, and of Prof. A. S. Eddington. 

We have caught glimpses of the work of each of these investi- 
gators, and shall see more of some of them, as well as of several 
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other contemporaries in the attempt to fulfill the purpose above 
outlined. 

Of course the contemporary astronomer has for the most part 
ceased to be a “star-gazer” in the literal sense of the word. 

He uses telescopes, to be sture, but he has the aid of artificial 
eyes, in the form of spectroscope, spectroheliograph, and photo- 
graphic plates. 

There was a time when the maker of star-charts gazed hour 
after hour through the tube of his meridian circle, and made 
his record by pushing a button when an individual star crossed 
the line of the spider web that bisected his field of vision. 

Now a few photographic plates exposed in succession record 
the positions, more accurately than the unaided eye could possi- 
bly do, of more stars than any individual worker could observe 
with accuracy in a lifetime. 

Then there are modem tricks of technique that give oppor- 
tunity for comparisons of star positions until recently 
undreamed of. 

Thus the campaigner who goes in quest of records of a planet- 
oid or of Mars for parallax purposes, makes two exposures on 
the same plate, at intervals of a few hours, slightly shifting the 
position of the plate in order that the stars may not be exactly 
superimposed, and subsequently makes his observations in the 
laboratory by meticulous measurement of the planet’s changed 
relations to the stars in its neighborhood. 

Again a plate may be ejposed, for minutes or hours, in the 
focus of a great telescope directed toward the infinite hosts 
of stars; then removed from the telescope and stored away xm- 
developed, to remain for perhaps ten years before it is taken 
out and again adjusted for observation of the same field. After 
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this second exposure, the plate is developed, and the double 
images of thousands of stars, lying side by side, will show the 
patient laboratory searcher whether individual stars or groups 
of stars have shifted their positions anomalously, thus revealing 
“proper motion.” 

What would Halley, who first detected the “proper motion” 
of three stars through study of ancient and contemporary charts 
have thought of this? What would Herschel have thought, who 
detected the line of flight of our own solar system through study 
of the proper motions of the half dozen stars whose records were 
available? 

Need we wonder that the contemporary star-searchers, with 
such mechanical aids, have been able to detect the lines of move- 
ment of thousands of stars, and thereby to gain at least a gen- 
eral impression as to the aggregate movement of clusters, groups, 
and even gigantic streams of the migrating hosts of our galaxy? 

It was thus that Prof. Lewis Boss, of Albany, learned the secret 
of about forty stars in the constellation Taurus, between the 
Pleiades and Aldebaran that are moving through space together 
in parallel lines at uniform speed, like a flock of birds. 

It was thus that Jacob Cornelius Kapteyn, the Dutch astrono- 
mer, discerned that vast numbers of stars of our galaxy are mov- 
ing in two great streams, almost in opposite directions, seemingly 
bound for goals beyond our universe. It was Kapteyn, indeed, 
who first suggested the method of observation by double exposure 
of a photographic plate. 

After he announced his discovary, in 1904, the conception 
of the stellar universe as a chaos of stars, each with its own 
independent motion in space (as Prof. W. M. Smart has phrased 
it) was effectively disposed of. The conception that the chief 
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mass of stars of our galaxy is revolving about a uniform center, 
like the structure of a spiral nebula, was however, rendered 
doubtful. At all events, it was made clear that there are great 
groups of stars that do not partake of such a motion. 

In recording the movements of the stars, the photographic 
plate, adjusted merely in the focus of the telescope, has obvious 
limitations. It can tell us nothing as to line-of-sight movement. 

But here the spectroscope takes up the story. In the service 
of various workers, notably Prof. W. W. Campbell, of Lick Ob- 
servatory (later President of the University of California), it 
yielded a mazing records of the movements of a multitude of stars. 
The lines of the spectrum are shifted toward the violet if a star 
is approaching, toward the red if it is receding (the so-called 
Doppler effect). Records thus secured supplement the cross- 
flight records of the ordinary negative. 

Taken together, they have gone far toward revealing the struc- 
ture of the stellar universe. 

What would old Hipparchus and Ptolemy have said could they 
have witnessed the stars of their outermost fixed sphere of the 
heavens hurtling hither and yon? What would the Arabian star- 
gazers and their European successors to the time of Tycho have 
thought, could they have seen the glassy sphere in which they 
conceived the stars to be imbedded, shattered into myriad frag- 
ments by the mad rush of stars by millions upon millions (where 
they conceived the total number in existence to be but a few 
thousands), dashing at an average speed of perhaps twenty miles 
per second — some of them ten, twenty, perhaps even a himdred 
or a thousand times that? 

Verily, the old heavens have vanished, even as Isaiah pre- 
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dieted — though the new heavens are perhaps not precisely the 
firmament that his prophetic eye envisaged. 

Let us survey with the contemporary astronomers some 
salient aspects of the new heavens. 


XXVIII 

THE EROS CAMPAIGN OF I 9 OO — ^PERFECTING THE 
SOLAR YARD-STICK 

I N THE year 1900 various bands of astronomers, equipped with 
a score or so of photographic telescopes, set out on what was 
whimsically dubbed the Eros Campaign. Being interpreted, this 
means that the astronomical bodies of the world went gunning 
for an inoffensive planetoid named Eros. 

Planetoids, it will be recalled, are very small members of the 
sun’s family, which circulate, like a shower of meteorites, in the 
otherwise vacant space between the orbits of Mars and Jupiter. 
It will be recalled, further, that the first of these little planets 
to be discovered was foimd, by chance, on the first day of the 
19th century, and that thereafter the discovery of planetoids 
was the avocation of many astronomers in odd hours. 

After the use of the photographic plate made detection of the 
planetoids relatively easy (these bodies making a dash on the 
plate which reveals stars as dots), so many planetoids were in 
evidence that for the most part astronomers no longer bothered 
to give them names, but were content to number them. 
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When the number reached the thousand mark, exception was 
made, for sentimental reasons, and the next three planetoids dis- 
covered were very appropriately christened Piazzia, Gaussia 
and Olbersia in commemoration of the three distinguished as- 
tronomers associated with the first discoveries of minor planets 
— ^the Italian observer, Piazzi, who saw the first planetoid; the 
German mathematician. Gauss, who gave the formula that en- 
abled astronomers to find it again after it was lost; and the 
physician-astronomer Gibers, who made the second planetoidal 
discovery. 

The quest of planetoids continuing, and a few astronomers 
rather specializing in this field, the number of little bodies ob- 
served has increased so rapidly that it is hard to keep track of 
the statistics, the 1930 census being of the order of two thousand. 

It is interesting to note that one member of the family, dis- 
covered by a Viennese observer in 1928, was given the name 
Hooveria, in honor of the American Food Commissioner who 
had endeared himself to Europe, and who subsequently became 
president of the United States. 

It will further be recalled that the discovery of the first 
planetoid, christened Ceres, deprived the old seven-day myth of 
its significance, by giving an eighth planet to the solar system. 
In due course, the discovery of Neptune, of the major series, 
followed; and, as we have just seen, the name of the minor 
planets soon was legicm. 

If in our day a new mystic were to revive the planetary tradi- 
tion, the new sacred number would be, perhaps, 2009 — 2008 days, 
let us say, for Evolutionary Creation, and the final day for rest. 

The not unamusing reflection presents itself that, if we count 
each “day” as a million years, the New Creation story, based 
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on the new planetary symbolism, would ascribe to the earth 
about the same age which is accorded it by the best accredited 
estimates of present-day astronomers and geologists. 

But enough of reminiscence. We have come to the planetoids 
for a quite different purpose. 

Our present concern with them is not with the group of two 
thousand, but with a single member, the one named Eros. 

This little body, discovered in the year 1898, stands out among 
all the rest for the sole reason that its exceedingly elliptical orbit 
brings it, on occasion, nearer to the earth than any other plane- 
tary body ever approaches. And thereby hangs the tale I wish 
to tell. It concerns the highly important matter of the accurate 
survey of the entire solar system. 

It is through studies of Eros, made during the “campaign” 
to which I referred at the outset, that the most recent and most 
accurate estimate of solar-system distances has been made. 

Before we inquire just how this was accomplished, let us for 
the moment envisage (by way of recapitulation) the conditions 
of astronomical measurement as applied to the sun and its 
neighbors. 

The yard-stick of the solar system is a line joining the center 
of the earth and the center of the sun. 

To be slightly more accurate, it is the average distance of the 
earth from the sun — for of course the actual distance varies with 
each sector of the elliptical orbit— being greatest at Aphelion 
(summer solstice) and least at the opposite end of the circuit. 
At the periods of the equinoxes, the distance is intermediate. 

The unit distance for solar measurements, is the calculated 
mean distance — ^what would be the radius if the earth’s orbit were 
circular. 


Eros and 
the Solar 
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The convenience of such a yard-stick for measurement of the 
distances of the planets is obvious. 

It is rather odd that, after more than two hundred years of 
testing, there should still be doubt in the minds of astronomers 
as to the exact length of this yard-stick itself. In particular 
this seems odd, when we reflect that there are at least a dozen 
methods of measuring the yard-stick, and that concerted efforts 
have been made from time to time by the astronomers of the 
world to make the measurements accurate. 

The explanation, however, is merely that astronomers are ac- 
customed to demand extreme accuracy in their measurements of 
all types. There has been no question at all for several genera- 
tions as to the approximate length of the earth-to-sun jrard-stick. 
The distance has long been known to be about 92,870,000 miles. 
The question at issue concerned only the odd thousands of miles 
by which the length of the yard-stick departs from the round 
number. 

It was to test this refinement of measurement that the “Eros 
Campaign” of 1900 was undertaken. 

As already intimated, the offensive weapon in this campaign 
was the camera. The object of the campaigners was to photo- 
graph from different points of view the region of the heavens in 
which Eros appears at the time of its nearest approach to the 
earth. Eighteen photographic outfits, variously located, were 
devoted to this purpose. A large number of highly satisfactory 
photographs were taken. 

What then? Well, now comes the strangest part of the story. 
These photographs, individually and coUectivelyj to casual 
inspection reveal nothing of the slightest significance. 
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They are simply ordmary-seeming star-charts, consisting of the 
usual black background dotted with points of light. 

Of course one of these points of light, in each photograph, is 
the image of the little planet Eros. But that, though of course 
an essential feature of the photograph, tells nothing to the casual 
inspector. The work of measuring the yard-stick had only just 
begun when the photographs were completed, the plates de- 
veloped, and the entire series placed in the hands of Mr. A. R. 

Hinks, of the Cambridge Observatory, who was to be responsible 
for the “coordination and discussion” of the Eros observation. 

His task was to sit down with those negatives and measure 
them, and make calculations from his measurements, day after 
day, week after week— and in the aggregate year after year. 

As to the measurements, it is recorded that on the Cambridge 
plates the displacement of images is of the order of one-twen- 
tieth of an inch. The mathematical calculations involved are 
much longer — ^best measurable in terms of months. 

If astronomical workers were given to a popular type of illus- 
tration, we might learn how many times round the globe the 
formulae used by Mr. Hinks in solving the Eros puzzle would 
reach if laid end to end. 

A gruesome task, the average layman would think it. But for The Solar 
a mathematical astronomer, a task fraught with allurement. Prob- 
ably it was with a sigh more of regret than of relief that Mr. 

Hinks finally brought his calculations to an end, and was able 
to announce that the “angle subtended at the sun by the earth’s 
radius is 8.807 seconds of arc.” 

This “fundamental angle” is called the solar parallax. It rep- 
resents the angle of the lines from the ends of the earth’s radius 
meeting at the center of the sun. 
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As the length of the earth’s radius, which thus makes the 
third side of a triangle, is definitely known, it is a relatively 
simple problem in triangulation to translate the parallax into 
terms of distance in miles between the earth and the sun — ^which 
is the yard-stick we are all along seeking. 

This distance was found to be, in round numbers, 92,900,000 
miles. 

As already explained, the distance in question is the average 
or mean distance. 

This newest measurement does not conspicuously change the 
estimate hitherto accepted, based on multitudes of measurements 
by different methods — ^induding, prominently, observation of the 
transit of Venus across the face of the sun, calculations from 
observation of the occultation of the moons of Jupiter, observa- 
tions of Mars (in particular by Gill in 1877), heliometer ob- 
servations of the minor planets Victoria and Sappho: calculations 
based on the “Constant of Aberration” of light, studies of the 
parallactic inequality of the moon, and spectroscopic measure- 
ment of the earth’s orbital speed. 

The distance 92,876,000 miles, resulting from a study of the 
constant of aberration, was held by Young to be on the whole 
perhaps the most accurate measurement available a generation 
ago; this being the equivalent of the parallax 8.803. 

It will be seen that the newest measurement varies from this 
by only 4-thousandths of a second of arc. 

The Paris conference of 1911 adopted 149,450,000 kilometers 
(92,870,000 miles) as the most likely value for the mean dis- 
tance in question. Mitchell and Abbot, writing in 1927, give 
92,870,000 miles as the generally accepted value — a parallax of 
8.80. 




Plate XIX. The 72-iNCH Reflector of the Dominion Observatory 
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Inasmuch as Newcomb as long ago as 1896 adopted 8.797, 
plus or minus 0.007 seconds, as the value of the solar parallax 
to be used in the planetary tables, while Harkness in 1891, 
at a discussion of many measurements, adopted as the final value 
8.809 seconds, plus or minus 0.006, it will be seen that the newest 
measurements, based on study of the images of little Eros, do 
not differ significantly from the earlier estimates. 



Fig. 83. — Charles Augustus Young (1834-1908). (Crow-quilled from 
original photograph by William Henry.) Preparing to take spec- 
troscopic records of the solar edipse of 1900. 

There was, indeed, a divergence of only a small fraction of a 
second between nine groups of estimates collated by Newcomb, 
in which the measurements of 19th century astronomers were 
recorded. 

We may feel fairly confident, then, that if an airplane capable 
of achieving an average speed of one thousand miles an hour were 
to set out for the sun, it would have an average journey ahead 
of 92,870 hours. 

It must be recalled, however, that on January ist, the earth 
is about 3,000,000 miles nearer the sun than on July ist. 
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At first blush, that would seem to suggest that the voyager 
would do well to plan his journey for the winter season, but when 
we reflect that, evai at a speed of a thousand miles an hour, 
almost twelve years would be required to reach the goal, the 
time of starting seems less important. 

In astronomical work there are no endings, but only new be- 
ginnings. So we learn without surprise that expeditions were early 
fitted out for a new Eros campaign, for the years 1930 and 1931, 
when the little planet approaches the earth to within about 14,- 
000,000 miles, giving opportunity for even better measurements. 
It will probably be necessary in the course of another decade, 
after the measurements are evaluated, to revise slightly the esti- 
mate of the solar yard-stick. 

There is no probability, however, that the change will be 
significant for any one but the technical student of solar distance. 

A concluding word as to why this yard-stick has all along been 
considered so vitally important. The reason is almost adequately 
implied in the characterization of the mean solar distance as a 
“yard-stick.” But to get its full significance, one must understand 
that the measuring unit can be applied to all members of the 
planetary family in a very curious way. 

It will be recalled that Kepler’s third law establishes a certain 
relation between the orbits and distances of all members of the 
planetary family. This made it possible to establish the relative 
locations of the planets — to draw a true chart, to scale, of the 
entire planetary system as then known— before any actual meas- 
urement has been accurately established. 

It follows that when any particular interval of the scale could 
be determined in miles, all other distances were at once revealed, 
as it were automatically. 
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It is precisely the case of an ordinary terrestrial map, say 
of the United States, in which the boundaries of the States are 
accurately drawn, so that relative sizes are revealed at a glance, 
or more accurately by measurement, but where there is no clue 
to the actual size of any State, unless (as is usual) down at the 
corner of the map a “scale” is given which supplies the interpre- 
tation. 

Seeing that one inch, say, represents a hundred miles, you 
can promptly determine the distance from New York to Chicago, 
or any other distance that may interest you. 

Similarly with the chart of the solar system. When you know 
the distance between the earth and sun, all other distances may 
be at once measured. 

Of course any other planetary orbit might have been adopted 
as the unit scale. We use the earth-sim yard-stick merely because 
we are residents of the earth, and naturally view the planetary 
system from our own coign of vantage. 


XXIX 

SCHWABE — HALE — ^EDDINGTON — THE NEW SUN 

M WAY back in the year 1857, the Gold Medal of the Roj^ 
./^Astronomical Society of England was awarded to a middle- 
aged apothecary of Dessau, Germany. The name of the recipient 
was Samuel Heinrich Schwabe. The work for which he was 
honored was the study of sun spots. 
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It appeared that the apothecary had early developed a pen- 
chant for observing these blemishes on the face of our luminary, 
the discovery of which by the first users of telescopes two cen- 
turies earlier had so disturbed the equanimity of the Aristotelians 
of the period. Aristotle, it will be recalled, had conceived the 
sim as a perfect body; assuredly unmarked by blemishes of any 
type. His doctrine accorded with the ecclesiastical conception 
of the perfection of all heavenly bodies. 

How great was the shock to all lovers of tradition when 
the perfect body was seen to be pock-marked, can be fully ap- 
preciated in our iconoclastic generation only by active use of the 
imagination. 

But horror gave way in due course to indifference, and for 
a good many generations no one paid any particular attention to 
the spots on the sun, beyond noting casually that they were some- 
times more and sometimes less abundant — ^appearing and dis- 
appearing without seeming rime or reason — ^and that by 
observing them one could discern that the sun revolves on its 
axis in a period of about twenty-six days. 

About the middle of the 19th century, however, it was dis- 
covered by Lamont, of the Munich Observatory, that there is a 
periodicity in the phenomena of earth magnetism, and that the 
fluctuations are singularly in accord with fluctuations in the 
number of sun spots. 

The fact that the earth’s magnetic pole is not at the geo- 
graphical pole had long been known; also that there are daily 
fluctuations in the exact direction of the needle’s pointing. La- 
ment’s discovery was that these fluctuations increase and decrease 
with fair regularity in a period practically identical with the 
sun-spot period. 
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In the following year, 1852, it was pointed out independently 
by three observers that the maximum deviation of the magnetic 
needle occurred in periods of greatest sun-spot abundance. 

Such association between a seeming defect in the sun’s con- Belated 
stitution and a curious anomaly of one of the least understood 
phenomena of our planet, naturally excited general interest in 
the scientific world. Then it was, and apparently not before, 
that scientists in general began to inquire just who was responsible Astron- 
for the knowledge of periodicity of the sun’s spots. 

The answer brought to the front the apothecary of Dessau, 
whose queer avocation hitherto had been, it appeared, its own 
reward. Now, at the hands of the Royal Astronomical Society 
the zeal of this amateur was to receive more tangible recognition. 

In presenting the medal, the president of the Society pro- 
nounced this well-merited encomium: 

“Twelve years hath Schwabe spent to satisfy himself— six 
more years to satisfy, and still thirteen more to convince, man- 
kind. For thirty years never has the sun exhibited his disk above 
the horizon of Dessau without being confronted by Schwabe’s 
imperturbable telescope, and that appears to have happened on 
an average of about three hundred days per year. This is, I be- 
lieve, an instance of devoted persistance unsurpassed in the an- 
nals of astronomy. The energy of one man has revealed a 
phenomenon that had eluded even the suspicion of astronomers 
for two hundred years.” 

Once more the amateur in astronomy had triumphed— as 
Horrox and Bradley and Herschel and Olbers had triumphed. 

In particular, one recalls Horrox, the devoted young clergy- 
man because he also achieved fame by observation of the sun 
— even of a spot on the sun, though in this case the spot was 
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not a local blemish, but merely the silhouette of the planet 
Venus shadowed against and creeping across the face of the 
great fire-ball. 

There the comparison ends, for the English clergsmian had 
made his observation in a brief term of hours of one day; 
whereas the apothecary of Dessau required for his discovery a 
long term of years. The English amateur died at the age of 
twenty-two; the German amateur had attained the age of sixty- 
eight before his labor of love, then of more than thirty years’ 
duration, gained recognition. 

Schwabe’s observations revealed maximum groups of sun spots 
at intervals of about ten years. Subsequent investigations, in 
which reports of earlier observers are included, give an average 
period of slightly over elevai years. There is, however, a con- 
siderable variation. Periods of maximum spots sometimes are 
two years ahead of schedule. 

It developed, also, that there is a typical and curious distri- 
bution of the spots, inasmuch as they are seldom seen within 
five degrees of the solar equator, nor in latitudes higher than 
thirty-five north or south. The beginning of a new cycle after 
a time of freedom from spots, shows an eruption in or near 
latitude thirty-five, according to the researches of Carrington, 
whence, year by year, they invade lower latitudes, like a spread- 
ing eruption on the face of a measles-patient. 

Observation of the movement of spots at different latitudes 
appeared to show that the sun rotates in about twenty-five days, 
but that the fluid character of its constitution permits the spots 
at higher latitude to lag behind, accomplishing their circuit of 
the sun in a period of about twenty-seven and one half days. 

These tangibilities were known, while the nature of the spots 
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remained an entire mystery. Further knowledge was not forth- 
coming until a new instrument called the spectroheliograph was 
available. The basic idea involved occurred independently about 
the year 1890 by Dr. G. A. Hale, whose work at Mt. Wilson 
was to make him famous, and the French astronomer Deslandes. 

This instrument invented by Dr. Hale, adjusted to a telescope, 
performs feats of wizardry in the interpretation of the sun’s 
surface, spots included, which were quite unpredictable. 

The spectroheliograph travels across a plate, receiving li^t 
only through a narrow slit. In effect it photographs the light of 
a single line of the spectrum. The result is a picture in no way 
resembling an3rthing that could be produced by the ordinary 
exposure of a photographic plate. 

Among the most surprising discoveries made by Dr. Hale Magnetic 

Sun-Spots 

in the course of his varied studies of the sun’s surface was that 
sun-spots are fields of localized magnetic influence. 

It had for a good while been believed that sun-spots repre- 
sent virtual craters in the sun’s substance, due to localized ex- 
plosions of extravagant dimensions. The spectroheliograph 
confirmed this idea, and added the highly interesting informa- 
tion that the uprushing vapors take on a whirling motion, and 
may therefore be likened to cyclones in the earth’s atmosphere. 

It was observed that those cyclones occurring in the sim’s 
northern hemisphere usually have a clock-wise rotation; those 
in the southern hemisphere having anti-clockwise rotation; thus 
corresponding Tvith the normal direction of cyclonic air cur- 
rents on the earth. There are, however, exceptions to the rule. 

In the study of these solar cyclones. Professor Hale was led 
to notice a spectrum effect which seemed to him to suggest that 
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the light coming from the sun-spots shows the influence of elec- 
trical and magnetic forces. 

Specifically, what was noted was that the lines of the spectrum 
seemed to manifest the Zeeman effect. 

This is a phenomenon that derives its name from having been 
first observed and described by Professor Zeeman of Amster- 
dam in 1896. His observations had nothing to do with the sun, 
but were made in the laboratory with the aid of an ordinary 
flame and a powerful electromagnet. 



Fig. 84. — Spectroheliograph of Sun-spots. (Crow-quilled from half- 
tone in Abbot’s The Earth and the Stars.) Original taken with 13-foot 
spectroheliograph at Mt. Wilson, by L. H. Humanson, photographed 
in red hydrogen light. 


The essence of his observation was this: When an incandescent 
substance is placed in the field of an electromagnet, each of the 
lines representing that substance in the spectrum is split into 
two or more lines. 

If the rays of the light which produce the spectrum are parallel 
to the lines of force of the magnetic field, spectrum lines are 
divided into two lines, each of the new lines consisting of light 
that is said to be circularly polarized. 
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If, however, the rays of light producing the spectrum are trans- 
verse to the lines of magnetic force, the spectrum line is divided 
into three lines, the central one occupying the original position, 
and the lateral ones being plane polarized. 

Hale, studying his sun-spots, confirmed his early impression 
that the Zeeman effect is exhibited in the solar cyclones. The 
spots are, then, centers of magnetic influence. Presently it was 
found that the spots exist in pairs, one representing the positive 
and the other the negative pole of a magnet — ^such pairs usually 
being located at greater or less intervals, side by side, parallel 
to the sun’s equator. 

In 1925, Hale and Nicholson announced the discovery that 
the sim’s spots of a new eleven-and-a-half year cycle, which ap- 
pear in high latitudes after a minimum of solar activity, are of 
opposite polarities in the northern and southern hemispheres. 

“As the cycle progresses the mean latitude of the spots in each 
hemisphere steadily decreases, but their polarity remains un- 
changed. The high-latitude spots of the next 11.5-year cycle, 
which begin to develop more than a year before the last low- 
latitude spots of the preceding cycle have ceased to appear, are 
of opposite magnetic polarity.” 

This law of reversed polarity in successive cycles was found 
to hold in all but 41 cases out of a total of 1735 bipolar groups. 
It was therefore concluded that the full spot period, at least 
that referring to magnetic polarity, is 23 years and not half 
that time, as the study of spot frequency had seemed to prove. 

Professor Turner of Oxford, from a different standpoint, has 
also found evidence for a difference between successive periods 
of spot frequency, pointing to the double period. 

“We may therefore ultimately find,” says Professor Path, 
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“that the true spot period, as to both magnetic polarity and fre- 
quency, has a mean duration of 23 years.” 

The observed magnetic condition of the sun’s spots makes it 
seem less anomalous that so-called magnetic storms, associated 
with violent deflections of the compass-needle, may occur on 
the earth during periods of sun-spot activity. The terrestrial 
phenomena, which include the induction of strong electric cur- 
rents in telegraph and telephone wires, may be explained ten- 
faitlvely as due to the bombardment of the atmosphere by 
electrons driven out from the sun on sunbeams. 

Electronic bombardment of the atmosphere may perhaps also 
explain the interesting phenomena of the aurora borealis. 

Meantime the new studies of sun spots, much as they reveal, 
leave the causation of the spots themselves as much a m3rstery 
as ever. Why they appear seldom more than 40 degrees from the 
equator, and chiefly in the belts on either side of the equator 
between 10 and 30 degrees of latitude, is quite tmknown. And 
as to why they show the curious periodicity which the Dessau 
apothecary discovered so long ago, there has never been even a 
plausible hypothesis. 

Leaving the spots with their curious vortex motion out of 
consideration, the remainder of the sun’s surface, as recorded by 
the spectroheliograph rather curiously suggests an airplane pic- 
ture of the top of a uniform layer of clouds. 

In reality, the resemblance is something more than accidental. 
The instrument, because it receives the thin film of light of a 
particular wave-length, takes cognizance of the presence of only 
a single elementary substance in a given sweep across the surface 
of the sun. 
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In one view, for example, it shows the layer of hydrogen, which 
lies far out in the chromosphere, at the surface of the sun. 

Another picture may go a little deeper and show a helium 
surface. 

Yet another reveals a cloud-like stratum of calcium, even 
higher in the sun’s atmosphere than hydrogen. 

The presence of the calcium in a gaseous or supergaseous con- 
dition at this high level, is a surprise. It can be explained only 



Fig. 85. — A Solar Prominence 150,000 Miles High. (Crow-quilled from 
photo talien at Mt. Wilson Observatory.) 

on the assumption that the calcium atoms, under solar conditions, 
are partially disrupted, and are swept out into space by the 
radiation pressure which rushes out in all directions from the 
great central furnace. 

It is estimated by Professor Eddington that the temperature 
of the surface of the sun is about 6000 degrees Centigrade; and 
that the temperature rises as the solar depths are reached, to 
something like 40,000,000 degrees Centigrade at the center. Such 
figures are little more than words, so far as clear comprehension 
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of such unworldly conditions is concerned; but they serve at 
least to give us the impression of an amazing cauldron which is 
as much hotter than a ball of white hot iron as such a ball 
is hotter than a cake of ice. 

The Sun’s We are all familiar with heat as a mode of molecular motion; 

but the degree of heat here predicated must be due not to the 
Atomic mere jostling of molecules and atoms of matter against one an- 
other, but to the actual disruption of the atoms themselves. 

In the modem view, the atom, as originally conceived by Sir 
Ernest Rutherford, and more elaborately envisaged by Niels 
Bohr, is a miniature planetary structure, with a central mass 
of protons (in part mated with the electrons, except in the case 
of the hydrogen atom) and outlying planetary electrons, revolv- 
ing at relatively remote distances in orbits which, under normal 
conditions, are as definitdy fixed as the orbits of the sun’s plane- 
tary families. 

The orbital dectrons may be driven out of thdr course through 
impact with other similar or dissimilar atomic systems — such 
impact as is involved in the collision between the molecules 
of a gas. 

If the collision be not too severe, the dectrons drq) back to 
their normal orbits in due course, and in so doing give out the 
equivalent of the energy which they received through impact. 

The energy thus given out, determined as to precise character 
by the distance from which the electron falls back to its orbit, 
or the particular orbit into which it falls, goes out as “radiation 
energy.” 

In the older view, this manifested itself as waves in the ether. 
The newest view does not altogether discard the waves, but is 
emphatic in dedaring that the energy-discharge is not a con- 
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tinuous Stream, but goes forth in what might be thought of as 
successive arrows or bullets, each of which is called a quantum. 

Such is a very crude statement of one essential of the “quan- 
tum theory” of Planck, which has taken the modern physical 
world quite by storm. And such is the Rutherford-Bohr atom, 
depicted also in only the most general terms, which equally took 
the world by storm toward the close of the second decade of our 
century, but which before the close of the third decade had be- 
gim to be challenged as to some of its salient characteristics. 

For the moment at least, however, the picture of the planetary 
atom, with almost its entire mass in the central proton-sun, and 
with its electron-planets, each bearing a unit quantity of nega- 
tive electricity, remains as a clearly envisaged structure of ex- 
ceeding convenience for the theorist who would explain the 
bewildering phenomena (among others) of the sun’s internal 
structure and unbelievable output of energy. 

So when we speak of a temperature of 40,000,000 degrees, 
we must contemplate not merely the interaction of atoms, as such, 
but the actual disruption of atomic systems. 

This conception would have been considered heretical to the 
point of scientific nihilism in the generation preceding our 
own. For the conception involves not merely the severing of 
orbital dectrons from their central suns but, in one manner or 
another, the actud destruction of at least a portion of the verita- 
ble substance of the atom — a. violation of the sometime “axiom,” 
that matter is indestructible. 

In another sense, the matter is not annihilated, but only trans- 
formed into energy. 

There are two opposite ways, it is conceived, in which this may 
possibly take place. 
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Matter It may be that under conditions of incredible pressure, through 
Energy- '^^ch the atomic systems are stripped of their orbital electrons, 
theEvolu- until protons and electrons become an inchoate mass instead of a 
collection of orderly mechanisms, there is opportunity (say when 
the conditions of pressure change as the inchoate matter-stuff 
boils up toward the surface of the sun) for the coming together, 
in pairs, of protons and electrons to form hydrogen atoms, and 
the subsequent coalition of these primordial atoms in groups of 
four, to form helium atoms. 

It is believed that this is the initial process that somewhere, 
sometime, has taken place in the universe in the building up of 
matter. 

All the more complex forms of matter, of the entire series of 
ninety-two elements, may be considered as built of helium atoms 
with residual hydrogen atoms (never more than three of the 
latter for any given element) to fill in the chinks, as it were, 
in case the new element is not one that can be made of helium 
blocks without remainder. 

If this does not take place, then the release of an enormous 
fund of energy is accounted for. 

For it is known that the helium atom, though made up of four 
protons and four electrons, is not precisely four times as heavy 
as the hydrogen atom, which comprises a single proton and a 
single electron. That is to say, there has been loss of actual 
mass — ^primordial matter— in the construction of a helium atom 
out of four hydrogen atoms. 

There seems no alternative to the belief that this matter has 
been transformed into energy. 

Mathematical calculations give assurance (on the basis of one 
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of Einstein’s formulae) that the amount of energy thus released 
is colossal. 

It is estimated, for example, that the amount of hydrogen in 
a teaspoonful of water, if thus made to combine to form helium, 
would release enough energy to drive the largest of ocean liners 
across the Atlantic. 

Here, then, we have a possible source of energy-release that 
might go far to account for such conditions as appear to obtain 
in the depths of the sun. 

According to another view, however, the interior of the sun is 
the very last place in the world where such combination of 
protons and electrons, to build up larger atoms, could be expected 
to take place. 

This other view looks rather to the depths of interstellar space 
as the location where the marriage of protons and electrons, to 
form helium and perhaps other elements in sequence, is more 
likely to take place. The “cosmic ray” of Professor Millikan 
may conceivably represent the flow of energy from such a crea- 
tive mingling of the primordial elements out in space. 

This, obviously, would have nothing to do with the question of 
temperatures at the heart of the sun. 

There remains, however, the alternative thesis, according to 
which the disrupted atoms, already predicated at the heart of 
the sun, make possible, not indeed the creative marriage of pro- 
tons and electrons, but the dashing together of these elements to 
their mutual destruction. 

Such annihilative unions would, it may be supposed, take place 
in the very depths, at the region of greatest pressure and most 
intolerable crowding. 

It is estimated that the crowding together of protons, stripped 


Possible 
Destruc- 
tion of 
Matter 
in the Sun 



428 GREAT ASTRONOMERS 

of their outlying electronic orbits, may be so great, under con- 
ditions of pressure at the center of some stars, that a cubic inch 
of the primordial matter there may have the mass — scientific 
equivalent for weight — of a ton of matter as we know it at the 
earth’s surface. 

Under these conditions, it does not seem to strain the proba- 
bilities — ^holding to the modern view of the interchangeability 
of matter and energy — ^to suppose that coalition between proton 
and proton or between electron and proton may result in the 
actual dissipation of these primordial substances. 

And if this takes place, the output of energy would be not 
merely of the order of that which attends the building of a 
helium atom, but many times greater, because the entire bulk, 
and not merely a small fraction of the proton is transformed into 
energy. 

In the view of such mathematical astronomers as Professor 
Eddington (original sponsor of the theory, in 1924) and Sir 
James Jeans, such a transformation of matter into energy is inces- 
santly taking place within the structure of the sun and the other 
suns that make up the stellar universe. 

These daring theorists speak as freely of the reduction of the 
mass of the sun through such transformations as if they were 
dealing with a structure that could be weighed from hour to 
hour and its loss of mass evaluated on the scales. 

Jeans estimates even, in specific terms, by how much the 
sun is being reduced in mass day by day, and tells us no less 
specifically the distance by which the earth’s remoteness from 
the sun must be increased under mandate of the law of gravita- 
tion, in compensation. 
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“The sun’s weight,” he tells us picturesquely, “has been reduced is the Sim 
by a thousand millicui tons in the last four minutes, with the 
result that its gravitational grip on the earth has been weakened 
and the earth has moved out to a wider orbit; at this moment 
the radius of the earth’s orbit is greater than it was four minutes 
ago. The details can be traced out mathematically with complete 
precision. It appears that the earth’s orbit around the sun is 
not a circle, or even an ellipse of small eccentricity; it is a spM 
curve, like an uncoiled watch spring. Every year the earth moves 
a tiny step farther out into the outer cold and darkness; exact 
calculations show that its average distance from the sun increases 
at the rate of about a meter (39.37 inches) a century.” 

An alluring picture. One almost forgets that it is a purely 
imaginary picture. No one knows, of a certainty that the sun 
is losing mass. No one knows that a single atom of matter has 
even been transformed into energy since time began. 

I say this quite without prejudice, for I have myself been 
fully convinced of the probable transmutability of matter and 
energy for at least forty years (following my old teacher, Gus- 
tav Heinrichs). But here I speak of proof. Let that pass for the 
moment, however. 

Meantime Eddington gives us an inkling of the radiation- Riding 
power of the energy released by such (imagined) transformation 
of matter, in the picture he gives of what takes place in the 
sun’s chromosphere. 

This outer layer of the sun’s atmosphere consists, he says, of a 
few selective elements which are able to float— not on the top 
of the sun’s atmosphere, but on the smbeams. 

“The art of riding a sunbeam is evidently rather difficult, 
because only a few of the elements have the necessary skill. The 
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most expert is calcium. The light and nimble hydrogen atom 
is fairly good at it, but the ponderous calcium atom does it best.” 

Eddington goes on to explain that the layer of calcium sus- 
pended on the sunlight is at least five thousand miles thick. 

The skill of the calcium atom in thus riding sunbeams is 
explained as due to its capacity to lose an electron under impact 
of the escaping energy, and then to seize it back again. 

It must be able “to toss up an electron twenty thousand times 
a second without ever making the fatal blunder of dropping it. 
That is not easy even for an atom. Calcium (as it occurs in 
the chromosphere) scores because it possesses a possible orbit 
of excitation only a little way above the normal orbit, so that it 
can juggle the electrons between these two orbits without serious 
risk. The average time occupied by each performance is one 
20,000th of a second.” 

That does not seem a long time, yet it is divided into two 
periods, according to theory. 

During one period the atom is patiently waiting for a light 
wave to run into it and throw out the electron. 

During the second period the electron revolves steadily in 
the higher orbit before deciding to come down again. Professor 
Milne is credited with calculating the relative lengths of these two 
periods. “Milne’s result is,” sa3rs Professor Eddington, “that zm 
electron tossed into the higher orbits remains there for an aver- 
age time of a hxmdred-mfllionth of a second before it spon- 
taneously drops back again. I may add that during this brief 
time it makes something like a billion revolutions on the upper 
orbit.” 

Which may seem difficult — ^but not for an electron. 

Such, then, are the conditions believed to obtain in that flat 
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flocculent doud of caldum which the spectroheliograph reveals 
and depicts on the photographic plate, as making up a chief 
constituent of the sun’s outermost atmosphere. 

Of course the energy which thus plays with calcium atoms, 
as a hurricane plays with autumn leaves (with the difference 
that the atoms manage to retain their equilibrium, or to settle 
back into eddies' and thus are not blown altogether away) passes 
on into space in every direction. 



Fig. 86.— a Self-explanatory Diagram of Earth, Moon, and Sun. 

The infinitesimal modicum of it that is intercepted by the 
earth constitutes the heat and light without which there would 
be no life on our planet. 

Such is the newest answer to the problem of the sun’s heat, 
which remote generations did not so much as propound, since 
to them it seemed natural enough that any observed phenomenon 
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might go on forever; but which puzzled sorely our predecessors 
of the latter part of the 19th century. 

The doctrine of Helmholtz, exposited by Kelvin, that the sun’s 
heat is due (solely) to contraction, is as obsolete as the older 
conception that it is merely a ball of fire, being consumed like 
so much coal. 

The newer doctrine that the sun’s energy may be due to the 
presence of radio-active elements was, perhaps, the parent of 
the doctrine of transmutation from matter to energy, just out- 
lined, thou^ the parent thesis is so far outstripped as to seem 
almost old-fashioned, notwithstanding its recent origin. 

Yet, basically, the new theories are evolutionary rather than 
revolutionary. 

Even in the later day of the 19th century, when the conven- 
tional view of science was that matter is one thing, energy 
another, each fundamental, each indestructible, there were 
forward-looking students who conceived a monistic tmiverse, with 
ultimate unity back of the seeming diversity everywhere in 
nature. 

For such, the ultimate transmutability of the elements seemed 
the most plausible of theses. To them matter and energy seemed 
but different aspects of the same entity. 

For these holders of what then seemed visionary views (I am 
glad to count myself among them), the developments of the first 
generation of the 20th century were rather of the order of the 
happening of the expected, than the revolutionary changes that 
they appear from a more conservative standpoint. 

But if we go a little further back in time, and reflect, for 
example, that the elder Herschel, at the be ginning of the 19th 
century, exposited the view that the sun is a habitable structure, 
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with pleasant regions suitable for human occupation beneath 
the outer canopy of glowing ether, the contrast between that view 
and the new conception of the sun— with six-thousand-degrees 
surface and forty-million-degrees center — seems indeed revolu- 
tionary. 

To understand the transformation, we have only to reflect that 
in Herschel’s day man was stiU considered the supreme Creation 
of the universe. 

The earth had indeed been dethroned from its central place 
in our system, but it was conceived that an infinitude of other 
worlds had populations closely akin to our own race. That all 
the universes of new worlds revealed by the telescopes of Her- 
schel had been designed by a beneficent Creator as the abiding- 
place of races closely comparable to our own, was the natural 
view of the heritors of the egocentric and anthropomorphic 
tradition. 

The real import of the Copemican revolution was for the 
most part not even suspected. 

A century’s advance of astronomical science has made it cer- 
tain that there are no human-like inhabitants of the sun, nor 
of any other star. Probably none on sister planets of our sys- 
tem— with the conceivable exception of Mars and Venus. The 
habitability of these two planets is more than doubtful: the 
weight of evidence is all on the other side. And there is growing 
doubt in the minds of astronomers as to whether the universe 
contains a great number of planetary systems similar to ours, 
in which conditions suitable for anything like life as we know 
it obtain. 

A few billion such there may be, but by and large, according 
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to the popular present-day guess, the stellar systems are unin- 
habited. 

So greatly has the viewpoint changed, however, that no one 
whose sense of humor permits him properly to appraise the 
relation of the human race to the newly revealed universe of 
perhaps 100,000 million stars, can feel that the question has any 
conceivable importance. 

A sane appraisal would seem to reveal mankind as merely 
the agent of a minor microbic disease on the surface of a planet 
of totally ne^igible significance. Whether a few million or 
billion other planets suffer from a like malady may from man’s 
standpoint have an element of “human interest” but can have 
no bearing on larger questions of the origin and destiny of the 
universe. 

To have had a large share in bringing man to this plane of 
comprehension, out of the age-long dream of egocentric anthro- 
pomorphism, is doubtless the most useful achievement of astro- 
nomical science. 


XXX 

LANGLEY — HERTZSPRUNG — ^RUSSELL — NEW LIGHT ON 
THE STARS 

I T REQUIRES no instrumental aid to prove that the sun sends 
us light and heat. But very little was known about the 
precise quantities of energy involved and in particular about 
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the variations in quantity from hour to hour and from day to 
day, rmtil Professor S. P. Langley invented the instrument called 
the bolometer. 

Langley is known to the astronomical world for his pioneer 
work in charting the sun’s rays with this instrument. His popular 
fame was chiefly gained by his experiments in the attempt to 
develop a heavier-than-air machine that would fly. 

In the day when the air as yet was unconquered, Langley 
made a model that did fly, and he came bitterly near success 
with his man-carr}dng “aerodrome,” which dropped into the 
Potomac only a few dajra before the Wright Brothers achieved 
success and immortal fame down at Eattihawk. 

It will be recalled, perhaps, that the Langley machine was 
subsequently taken from its repose in the Smithsonian Institution 
and made to fly— but only with the addition of the equivalent 
of the warping wings which the Wright brothers had developed 
and without which no aeroplane takes the air even to this day. 
But Langley was as near success as anyone was destined to 
come before the two young men solved the riddle, and his 
ultimate failure, when the goal seemed so near, was a bitter 
experience. 

In that day, the philosophy that imbues the mind of the 
star-gazer must have been a solace. And fortunatdy for himself 
Langley was endowed with an abiding sense of hiunor and an 
imagination that would enable him to evaluate the significance 
of his failure — and thereby to make the disappointment endur- 
able. 

The bolometer with which Langley made his extraordinary 
measurements of the sun’s varying ouq)Ut of energy, is described 
by Dr. C. G. Abbot, who has followed up the work no less 
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searchingly, as an electrical thermometer, with two hair-like 
ribbons of platinum, as long as one’s finger nail, blackened with 
lamp-black, one of them fitting behind a metal plate. 

“As the rays of the solar spectrum fall upon the exposed one, 
it warms it above the temperature of its hidden neighbor. The 



Fig. 87. — Samuel P. Langley (1834-1906). (Crow-quilled from photo 
by Brown Brothers.) 

tiny temperature difference, even if less than 1/1,000,000 degree, 
suffices to alter the electric current balance of which the two 
ribbons form parts, and a little mirror, smaller than a pinhead, 
is turned by the electromagnetic impulse which the current- 
change produces. 

“A tiny shift of sunli^t reflected by the mirror moves across 
a photographic plate, and so records the warming or cooling of 
the exposed ribbon of the bolometer.” 

There is a clockwork mechanism and a photographic plate, 
and the solar spectrum is moved back and forth across the sen- 
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sitive wires, making a permanent record of what Langley called 
“solar-energy spectrum curve” or “holograph.” 

This record showed not only the energy of the spectrum itself, 
but also recorded heat far beyond the ends of the spectrum 
visible to the eye. 

The method thus measures the total energy of the solar radia- 
tion, not merely that associated with the visible ra3rs. 

The same apparatus, and a somewhat similar one called a 
radiometer, has been used to test also the energy of the stars. 

So sensitive was an instrument used by Nichols and Hull, that 
it had power to evaluate an amount of energy equivalent to that 
which would be received from a candle twenty miles distant. 

It could perform the necromantic task of registering and meas- 
uring the heat from larger stars and planets. Radiant heat is, 
after all, only a longer-wave form of light, but we are so accus- 
tomed to think of star-light as “cold” that the idea of its inherent 
warmth seems anomalous. 

High interest attaches to such energy-tests as these, but of 
course the chief star-records, upon which our knowledge of the 
sidereal universe depends, are exclusively light-records. In recent 
years, however, various highly ingenious methods have been 
devised for interpreting the light-messages in terms of the struc- 
ture of the almost infinitely distant light-emitting stellar body. 

To begin with, of course the spectroscopic record tells much, 
when it has revealed the chemical composition of a star, even 
in part. 

In our nearby star, the sun, for example, no fewer than sixty- 
six of the terrestrial elements have been located. 

The ra5rs of the stars proper, enfeebled by distance, do not 
give so comprehensive a record. 
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Yet there axe thousands of stars in which nearly as familiar 
elements are unequivocally revealed as if the tests were being 
made in a laboratory. On the other hand, with perhaps a single 
exception, there is no spectroscopic record of any solar or stellar 
element that is not known here on the earth. 

In general, the chemistry of the stars is familiar terrestrial 
chemistry. 

It will be recalled that helium was discovered in the sun (and 
indeed so named because of its location there) long before it 
was known as a terrestrial element — though now we know that 
it is present ever5™'here in the atmosphere in minute quantities, 
and is a relatively abundant exudate in certain oil wells; and, 
indeed, a universal by-product of radio-active elements every- 
where in the soil. 

In some stars, the spectrum of helium is so conspicuous that 
the name “helium stars” seems appropriate. 

Other stars are known as “hydrogen stars” because their outer 
atmosphere, possibly also their deeper structure, is aglow with 
that element. 

Iron is widely distributed in others, and the less familiar ele- 
ment titanium is more conspicuous than might be expected — 
though the general lack of familiarity with this element is due 
not to its scarcity in the earth’s crust, but to the fact that 
hitherto no conspicuous commercial use has been found for it. 

We have seen, in the preceding chapter, that the modern view 
takes cognizance of the probability that the more complex ele- 
ments are dissociated under the conditions of heat and pressure 
that obtain in the sun. 

Since the stars are only distant suns, vast numbers of them 
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enormously larger than our own luminary, it goes without saying 
that similar conditions must obtain in their depths. 

It is easily conceivable that “hydrogen stars” may consist 
almost or quite exclusively of the element hydrogen alone, since 
that is the most primitive of all elements — the basic structure 
out of which the more complex elements are believed to be built. 

In any event, it is known that many of the largest and most 
brilliant stars are of excessively tenuous structure — some of them 
composed of gas of such extreme rarefaction that it is the equiva- 
lent of what in the terrestrial laboratory is called a high vacuum. 

This seems almost incredible, since we are accustomed to think 
of stars as solid bodies. 

But the conclusion is unescapable, when the observed bulk of 
the star is considered in connection with its mass, as demon- 
strated by a neighboring star with which it constitutes a binary 
system. 

The bulk of a star, it should be explained, is not determined 
by actual measurement (except in the few recent cases where the 
magic interferometer of Professor Michelson has been applied), 
but is inferred from the star’s brightness in connection with the 
parallax, or more usually lack of parallax, that demonstrates its 
extreme distance. 

It may be added that the stars which have yielded directly to 
measurement with the interferometer — Betelgeuse, Aldebaran — 
show diameters closely corresponding to the estimates that had 
previously been made by the light-gauging method. 

The fact that the stars vary in color from blue or white to 
orange or red early led to suggestions for their classification on 
this basis. In this work Father Secchi, at Rome, was the pioneer. 
But as he depended upon visual observation, he necessarily only 
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prepared the way for the more elaborate investigations that 
were subsequently to be made with the spectroscope. 

At Harvard Observatory, under the directorship of E. C. Pick- 
ering, this work was developed (along lines detailed in an earlier 
chapter) on the basis of roughly a quarter of a million stellar 
structures, photographed with an objective prism instrument. 
The results of this work, collated notably by Miss Cannon, have 
been published in nine large volumes, dedicated as a memorial 
to Dr. Henry Draper, a great pioneer in stellar spectroscopy. 

According to this so-called Draper Classification, the principal 
classes of stars are denoted in the following order, by the letters 
0, B, A, F, G, K, M, R, N and S. 

Ninety percent of the stars are included within the six classes 
B to M. Each type of star has sub-divisions, numbered from i 
to 9 , except type M, the sub-divisions of which are lettered. 

Class B stars show prominently the lines of hydrogen and 
helium. In some of these stars, the helium is partially disrupted; 
such also is the state of silicon, oxygen, and nitrogen. Stars of this 
class are sometimes called “helium stars” or “Orion stars.” 
Prominent representatives are Rigel, Regulus, the bright stars 
in the Pleiades, and several stars in the constellation of Orion. 

The stars of the remaining prominent classes are characterized 
as follows by Dr. W. M. Smart: 

“Class A. In spectra of this type, the lines of hydrogen are 
the most prominent. The lines of several metals, notably those of 
ionised calcium and magnesium, are in evidence, but weak in 
comparison with the conspicuous lines of hydrogen. Sirius Vega, 
and Castor are stars belonging to this class. 

“Class F. In spectra of this class, the hydrogen lines become 
less prominent and the lines of metals — ^notably the H and K 
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lines of ionized calcium — ^gain in importance. Near the end of 
this class, at F 8 and F 9 , the spectra bears a strong resemblance 
to the solar spectrum. Typical F stars are Procyon and Canopus, 
which are white stars. 

“Class G. This is the class to which the sun belongs. The spec- 
trum is remarkable for the enormous number of metallic lines — 
notably the lines of neutral, that is, un-ionised iron; the lines of 
hydrogen and ionized calcium are still prominent. Typical stars 
are the sun and Capella, — ^both of type G; these stars are yellow 
in colour. 

“Class K. Bright stars in this class are Arcturus and Aldebaran. 
The lines of ionized metals become weaker; the lines of neutral 
metals become stronger. Near the end of this class there is evi- 
dence of the bands of titanium oxide. The stars of this group 
are orange in colour. 

“Class M. The important feature of stars of Class M is the 
great strength of the bands of titanium oxide; the lines of neutral 
metals are also prominent. The stars in this class are red; Antares 
and Betelgeuse belong to Class M. 

“The spectra of the sequence B to M, are, with a few excep- 
tions, absorption spectra — ^that is, each spectrum consists of the 
rainbow colors, red, orange, etc., to violet, crossed by dark lines. 
In Class 0 the most important lines are bright lines of hydrogen, 
of ionized helium, carbon, oxygen and nitrogen; there are, in 
addition, several bright lines of unknown origin. The classes R, 
N and S may be regarded in some respects as sub-divisions of 
Secchi’s Class IV — ^they are red stars and comparatively rare 
in the heavens.” 

It will be noted that there is here a gradation from blue stars 
to red. 
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It is justifiably inferred that the colors evidence variations in 
temperature, comparable to those shown by a heated iron which 
becomes first red hot and then white hot. 

El£d)orate analyses of the spectroscopic records of these stars, 
supplemented by Dr. Abbot’s tests with the bolometer, have led 
to interpretations of technical character — “Wien’s law,” “Ste- 
phan’s law,” “Planck curves” — of the typical temperatures of the 
various types of stars under consideration, according to which 
stars of the white or blue type exhibit a surface temperature of 
upward of 35,000 degrees centigrade, while stars of the M or red 
type may have as low a temperature as 3,000 degrees — compara- 
ble to the temperature of molten iron. 

Well may it be spoken of as “indeed a marvelous achievement 
that the temperature of stars, tens and hundreds of light years 
away from us, can be measured with such remarkable precision.” 

Here, it is observed, the astronomer comes to the aid of his 
confrke, the ph5rsicist, since in the hottest stars, matter exists 
under conditions unapproached in the laboratory, and the study 
of stellar spectra leads to a more intimate knowledge of the struc- 
ture and behavior of the atom than could be attained from merely 
terrestrial observation. 

It is these studies, chiefly, that have made the conception of 
the partly dissociated atom— the nucleus wholly or partly stripped 
of its electrons — familiar. 

In the myriads of sidereal laboratories open to our observation, 
through the medium of the necromantic spectroscope and tele- 
scope, we witness transmutations of elements comparable to those 
which the mediaeval alchemists perennially dreamed of, and which 
the 19th century chemistry mistakenly pronounced an incon- 
ceivability. 
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One would search long for a stranger denouement than that 
of the efforts of the searchers who turned their eyes upward to 
the far places of the heavens. 

There remains an exceedingly curious additional fact to be 
noted in connection with the stars of the Draper classification. 

It is found that, by and large, the hot stars are moving with 
relative slowness and the red stars with greatly increased speed, 
there being an even gradation throughout the intermediate ranks. 

Thus the average for B stars, according to Dr. Plaskett, is 6.5 
kilometers per second; that for class A stars 10.9 kilometers, 
and so on, up the scale to a speed of 17.1 kilometers per second 
for the cool, or red, stars of Class M. 

There is ample food for reflection in this record of disparity 
of speed between stars of different types. The thought naturally 
suggests itself that, conceivably, the hotter, more gaseous, star 
may be younger, and therefore has not yet acquired the momen- 
tum which the cooler stars have attained through falling for a 
longer period towards some imaginable center of gravity repre- 
sented by the center of the universe itself or by some aggregation 
of matter which has dominating influence. 

There is at least a certain measure of plausibility in such a 
suggestion. 

But have we any evidence that the blue stars are indeed 
younger than the red ones? 

In examining that question, we are brought face to face with 
the question of the origin of the stars and their life-history. 

There is no other astronomical question, perhaps no question 
in any other field of science, that has greater interest than this. 
Let us make inquiry as to the way in which contemporary astron- 
omers have endeavored to answer it. 
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In so doing we shall find ourselves at the very frontiers of 
2oth century astronomy. 

As we pass from the theme of cosmology to that of cosmogony, 
we shall witness the effort to read the story of Creation, the 
story of the birth of heavenly bodies, the story of the evolution 
of world-systems, with the scroll of the firmament itself for our 
text. 

Which after all is only putting ourselves in the attitude of 
our remote ancestors of prehistoric times, and of their descend- 
ants of the early civilizations, who perennially scrutinized the 
heavens, and whose interpretations were recorded by the scribes 
at the very dawn of history, to become traditions, sacred with 
age, which we of this latter day are only now beginning to chal- 
lenge effectively, and supplant. 

But there is this significant difference, that we of the new 
generation have instrumental aid in searching out the meaning 
of the sidereal scroll, which our forebears were denied. Perhaps 
we may hope, then, that the new interpretation will be an advance 
upon the old one. Let us in any event inspect it. 

The basic classification of stars, everywhere accepted in the 
early part of our century, is the “Draper Classification” above 
outlined. 

As originally interpreted, the series represents consecutive 
stages of star-development— presumably from a hot stage through 
successive stages of cooling, to be followed by extinction. 

But about the year 1913, two men. Professor E. Hertzsprung, 
of Leyden, and Professor H. N. Russell, of Princeton Univer- 
sity, independently made observations that tended to render this 
interpretation debatable. 

They observed that stars of the M (cool) type of the Draper 
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classification are of two quite different orders of magnitude — one 
group enormously large, the other group amazingly small, as 
stars go. 

The two groups came to be dubbed, respectively. Giants and 
Dwarfs — these “happily descriptive terms” being chosen by 
Hertzsprung. 

It was Russell who followed up the discovery in the year 1913 
by collecting data for all the known members of the two groups, 
between two and three hundred, whose distances were then ap- 
proximately known. He calculated their absolute magnitude — ^that 
is to say, the magnitude each star would have if fixed at such a 
distance from the earth that the parallax would be one-tenth of 
a second. 

Dividing the stars into their spectrum classes, he produced an 
extraordinary diagram which showed, among other things, that 
in Classes B and A (hot, white or blue stars) there are no jaint 
stars; and in Classes K and M (cool, red or iron stars) there are 
no stars of medium brightness; all are either very bright or very 
faint. 

A veritable bombshell this — ^a stick of dynamite cast into the 
world of astronomical speculation. For it had come to be taken 
for granted that stars of one Draper class are stars of one age. 
Young stars, large and white-hot; old stars, small and only red- 
hot, which is the equivalent of cool, as things go in the sidereal 
world. 

And now it appeared that a cool red star could be either a 
giant or a dwarf — ^at once yoimg and old, according to the stand- 
ard interpretation. 

It was altogether disconcerting. 

But Professor Russell’s observations were fortified by an unex- 
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pected wealth of new material, resulting from the discovery of a 
method of testing star parallaxes with the spectroscope, as applied 
by Dr. W. S. Adams, of the Mt. Wilson Observatory. 

Now there could be no question that the red stars are divisible 
into two groups of totally different magnitude. 

One group of the red stars (M) was found to be ten magni- 
tudes, or ten thousand times, brighter than the other group. 

The average giant appeared to have a million times the volume 
of the average dwarf. 

And there were no intermediate red stars between the giants 
and the dwarfs. That, indeed, was the strangest part of the story. 

The interpretation of the anomaly, as given by Professor Rus- 
sell, was that red giants and red dwarfs represent the youth- 
stage and senility-stage respectively of a star, and that the inter- 
mediate stages of the star’s life-history are represented by the 
other coteries — B, A, F, G and K of the Draper classification 
with their various subdivisions— which had hitherto been sup- 
posed to belong to independent categories. 

Advance The life-story of a star, according to this new interpretation, 
begins with a vast, relatively cool nebulous stage represented 
of a Star by the giant M; evolves through class G and the other inter- 
mediate stages to a culmination in the white or blue star stage 
of class B, or perhaps 0; after which there is the decline of 
advancing age, with decreasing size, progressive cooling; a second 
childhood in a class G stage (our sun is here); and ultimate 
senility in the cool-dwarf of the final class M. 

This is such a progress of evolution and devolution as Lockyer 
had conceived and clearly outlined a good many years before. 

But since most astronomers had paid no attention whatsoever 
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to Lockyer’s speculations, or had put them aside as utterly vision- 
ary, the new estimate of the life-history of a star, fortified now by 
a wealth of concrete observations, came as a bewildering sur- 
prise. 



Fig. 88. — ^Dr. Pease Measuring a Star with Interferometer and loo- 
inch Reflector at Mt. Wilson. (Crow-quilled from Brown Brothers’ 
photograph.) 


Needless to say the new speculations were not universally 
accepted. But in the ensuing years additional evidence in their 
support was found in the results of investigations of independent 
character. 
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The There is, for example, the altogether amazing feat — ^the most 

spectacular astronomical achievement of the century — of meas- 

Measure- ^ 

meiit of a uring directly the diameter of a star. 

This was accomplished at Mt. Wilson, with the great reflector, 
equipped with the extraordinary instrument called an Inter- 
ferometer, the creation of Professor A. A. Michelson, of the 
University of Chicago. 

The actual measurements were made largely by Dr. Pease. 

The instrument consists of a long beam of structural steel, 
placed across the upper end of the tube of the one-hundred-inch 
telescope. This beam carries near either end a small mirror, and 
the two mirrors can be adjusted by sliding back and forth, until 
t heir reflected beams from the image of a star are brought together 
in such wise as to produce alternate bright and dark bands, or 
“fringes.” 

With a certain separation of the two light-collectors, the 
fringes almost disappear. 

Here the position of the two mirrors is measured, and by 
a calculation which, from the standpoint of the mathematician, 
is not unduly intricate (but which no non-mathematical mind 
could be expected to understand), the diameter of the star from 
which the light-beams came, is determined. 

As a matter of course the stars first selected for measurement 
were certain ones accredited to be of gigantic size— brilliant, not 
because of their relative nearness (as in the case of Sirius), but 
because of their actual magnitude. 

The first of all was the f^nous Betelgeuse, known from an- 
tiquity as the famous red star of first magnitude in the shoulder 
of Orion, and bearing in recent times a name which it received 
from the Arabian astronomers. 
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This big red star (a dullish red to naked-eye view) was accred- 
ited one of the largest of the company of class M giants. 

The interferometer measurement, made on a night of Decem- 
ber, rgao, brilliantly confirmed the estimate of the enormous size 
of Betelgeuse. The measurement of the star was an almost unbe- 
lievable achievement (recall that even this giant appears only as 
a point of light in the field of the most powerful telescope). 

The implication of the measurement — showing that the theo- 
retical estimates of star dimensions were dependable — ^was, from 
the standpoint of cosmogonic speculation, tremendously signifi- 
cant. 

Mere words and figures give no conception as to the magnitude 
of this class M giant. To say that Betelgeuse is 250,000,000 miles 
in diameter is to use meaningless words. 

To say that it is 300 times the diameter of the sun perhaps 
makes the picture a trifle more concrete. 

Best of all, perhaps, is the estimate which shows that if Betel- 
geuse were placed in the position of our sun, its surface would 
extend far out to the neighborhood of the orbit of Mars, leav- 
ing the earth encompassed within the substance of the great M 
star itself, at a depth of more than 30,000,000 miles. 

Appropriate indeed for such a colossus— 'yet after all how 
inadequate — is the name Giant. 

Other measurements followed. Mira Ceti proved even larger 
than Betelgeuse — ^big enough to extend far beyond the orbit of 
Mars were it in the position of our sun. 

Aldebaran, a yellow star, proved of intermediate size. The bril- 
liant white star Sirius, and Vega, both of class A, are enormously 
large in comparison with the sun, to be sure, yet pigmies beside 
the class M giants. Indeed, Vega, much the larger of the two. 
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appears as only a dot, like a period on the printed page, on a 
diagram that shows Mira something like two inches in diameter. 

On this same scale, it may be added, Arcturus appears about 
the size of a capital 0 on this page, though in the sky, to visual 
observation, this orange star shines at first magnitude. 

TheTesd- Only the largest stars can as yet be measured with the inter- 
“T.®* ferometer, but the results of these measurements strongly sup- 
Binaries port the validity of estimates made by other methods. And stars 
of other types form series strongly supporting the Russell theory. 



Fig. 89 . — Comparative Sizes Among Stars. 

There are certain so-called eclipsing binaries of class B, for 
example, whose diameters vary from about three to eight times 
the diameter of the sun. 

This is quite in accordance with theory — since class B stars 
are intermediate in age between the red giants and the sun. 

Also there is at least one binary of type M that has been under 
observation. 

Estimating the sizes of the components of this revolving system 
by the usual gravitational methods, it is found that the compo- 
nents of the system are but little more than half the solar diam- 




THE NEW HEAVENS 45^ 

eter. In volume as wdl as in luminosity they are but insignificant 
dwarfs. 

Their density is about four times that of water — indicating 
that their structure is of the order of composition of the earth, 
and vastly more dense than the average substance of the sun. 

All this carries out the conception that the giant red stars are 
in the stage of babyhood, and that the red dwarf stars are nearing 
the end of their period of luminosity. 

So convincing is the evidence that it can be said that as recently A Discon 
as 1924, the giant-and-dwarf thesis of stellar life-history seemed 
by way of general acceptance among astronomers as the valid Dwarf 
interpretation of the evolutionary history of stars in general. 

Nor has the theory by any manner of means been altogether 
superseded in the ensuing years. 

But it is held by many astronomers that serious doubt has been 
cast upon its validity by new discoveries of another order — the 
discovery, or interpretation, of the relation between stellar mass 
and luminosity. 

This discovery or interpretation is associated with the observa- 
tion of stars that are called White dwarfs — a t)^e of star not 
accounted for in the Draper classification, and therefore requir- 
ing consideration from another viewpoint 

The most famous example of the white dwarf clan (of which 
only three members all told are known) is the companion of 
the bright star Sirius, which was discovered by the American 
telescope maker, Alvan G. Clark, after its existence had been 
predicated theoretically by the great Bessel because of observed 
irregularities in the motion of Sirius itself. 

The orbit in which Sirius and its small companion revolve is 
accurately known, and the masses of the two stars. Sirius itself 
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has about two and one-half times the mass of our sun, whereas 
the “white dwarf” companion is smaller than the sun by about 
one-sixth. Not precisely a midget, therefore, but a true dwarf, 
accordmg to sidereal standards. 

As viewed from the earth, the companion is described as ten 
magnitudes smaller than Sirius. Otherwise stated, Sirius is ten 
thousand times brighter than its companion. 

Odd Char- The comparison with the sun, as just made, is misleading, 

ofae*^** For whereas the mass of the white dwarf is not so far below 

■White that of the sun, by the tape line the star is a veritable dwarf, 
having a diameter of only twenty-four thousand miles — three 
times the diameter of the earth. 

Uranus, the planet next in size above the earth, has a diameter 
of thirty-two thousand miles. Jupiter, of course, is far larger 
still. 

Thus fhe companion of Sirius is seen to be a body of ordinary 
planetary size— yet it is a sdf-luminous star, shining like any 
other star because of its own inherent hotness; and shining, 
indeed, with the spectrum of the F group of the Draper classifica- 
tion, which is just below class A, to which Sirius itself belongs. 

The significance of all this may be summarized in the statement 
that the density of this white dwarf companion of Sirius is com- 
puted to be fifty thousand times that of water. 

As Dr. Smart remarks, one ton of the material of this star 
could be stowed away comfortably in a matchbox. 

Osmium, the most dense substance known here on the earth, 
has about twenty-two and one-half times the density of water — 
as against the fifty thousand of the white dwarf. 

It seemed impossible to credit the calculations that ascribed 
such properties to this star — ^because ordinary dwarf stars are not 
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white hot, but on the contrary are cool to redness. A way must 
be found to test the calculation that ascribed such anomalous 
qualities to the white dwarf. 

Enter now the mathematician, Albert Einstein. Not in person, 
to be sure, but as represented by his world-famed theory of 
relativity. 

The man who applied the theory, in this instance, was Dr. 

Adams at Mt. Wilson Observatory. The apparatus with which he 
worked was a spectroscope. What he did, specifically, was to test 
the lines in the spectrum of the companion, and to determine 
that they are shifted far more toward the red end of the spec- 
trum than could be expected except under one condition. 

This condition is that the light sent out from the surface of 
the white companion comes from matter of excessive density. 

One of the three practical tests suggested for the validity of 
the Einstein theory is that light from the sun should show its 
lines shifted very slightly toward the red end of the spectrum, 
and that light from a more dense body should show them corre- 
spondingly farther shifted. 

According to theory, if the Companion of Sirius is really as 
dense as had been estimated, the shift of the lines (technically 
expressed in terms of kilometers per second, because under other 
conditions a similar shift represents the speed of a star in the line 
of sight) should be 20. 

Dr. Adams, after making all allowances for motions of the 
Companion, deduced the value 19. 

Obviously, here was something approaching a demonstration. What the 
Professor Eddington says of this test: 

“Professor Adams has thus killed two birds with one stone. Prove 
He has carried out a new test of Einstein’s general theory of 
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relativity, and he has shown that matter at least two thousand 
times denser than platinum is not only possible, but actually 
exists in the stellar universe.” 

Now for the complication. If the Companion were a cool red 
star, of low luminosity, it would fall into the scheme of stellar 
evolution as a dwarf of M type, therefore at the last stage of 
devolution. But as the case stands, the Companion is a brilliantly 
luminous white star, having the effect of a gaseous structure 
instead of a liqtiid or solid, yet being enormously more dense 
than any terrestrial liquid or solid. 

The accepted thesis of the Russell scheme of stellar growth 
and decay had been that the turning-point in the history of a 
star at the white stage, came at the stage when a degree of 
cooling was attained at which the star ceased to be gaseous. 

After that, it was supposed to be a matter of continued cool- 
ing and contraction, with loss of actual substance, as descent was 
made to the stage of solid matters, still glowing like red-hot 
iron, but at a surface temperature not greater than may be 
achieved in the terrestrial laboratory. 

The anomaly of the companion — ^and the known presence of at 
least two other white dwarfs in the stellar system, with the proba- 
bility that many more exist — was held to vitiate the Russell the- 
ory, putting it thoroughly under suspicion. 

“We no longer admit,” says Eddington, “that stellar substance 
will cease to behave as a perfect gas at one-quarter the density 
of water. Our result that the material in the dense dwarf stars 
is still a perfect gas strikes a fatal blow at this part of the 
giant and dwarf theory.” 

He adds, however, that though the theory of stellar evolution 
must be considered as in the melting-pot, he is disposed still to 
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believe that the former theory was right in assuming that the 
sequence of evolution is from diffuse to dense stars. 

Yet it appears that, at least as to its broad lines, the theory 
of stellar evolution presented by Russell can still be maintained 
if it be conceded that within the body of the star there may take 
place actual an ni hi l ation of matter, or other sub-atomic release 
of energy, such as was referred to in the preceding chapter when 
the conditions within the sim were under discussion. 

But if this is admitted, there seems no reason why a skeptical 
attitude should be taken toward the thesis of stellar evolution 
from cool body to hot body and back again to cool; for the 
leading mathematical astronomers of today, with certain notable 
exceptions, have come to accept the possibility of such a trans- 
formation of matter into energy, not merely as a working hypo- 
thesis, but apparently as a theory firmly believed to be in accord 
with the actualities. 

At all events the Russell theory of the life story of a star 
stands as the most plausible interpretation of the observed differ- 
ences in stellar constitutions that has hitherto been presented. 


XXXI 

LEAVITT — SHAPLEY — ^AITKEN — STARS THAT ARE DIFFERENT 

T here have been singularly few women to attain prominence 
in the astronomical world. But at least one woman in our 
own time has made a major discovery in this field. I refer to Miss 
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Leavitt, and the discovery of the relation between actual bright- 
ness and rate of pulsation of the very famous stars known as 
Cepheid Variables. 

The discovery was not made by direct star-gazing. It was 
made by the more typically modern method of examining photo- 
graphic negatives in the laboratory. 

The negatives under observation were taken at the celebrated 
Harvard University Observatory at Arequipa, Peru. Their sub- 
ject was the long-known nebulosity of the southern hemisphere 
called the lesser Magellanic Cloud — a celestial object invisible 
from temperate zones of the northern hemisphere, but famed 
as forming, together with its more conspicuous companion-struc- 
ture the greater Magellanic Cloud, a unique exhibit in the cir- 
cumpolar region of the other hemisphere. 

These nebulosities were among the phenomena of the southern 
heavens to which Sir John Herschel gave special attention during 
his famous sojourn in South Africa, 

They have interest, among other things, because they lie far 
outside the Milky Way as isolated islands of nebulosity, as if 
two handfids of the substance of the Milky Way itself had been 
plucked out and placed near the frontiers of the Galactic system, 
the two being separated by about sixty degrees of longitude, but 
having approximately the same latitude, or declination. 

Herschel explains that the greater cloud is sufficiently bright 
to be visible even on a moonlight night, though the lesser one 
is then blotted out by the moon’s radiance. On a moonless night, 
the lesser cloud is modestly, and the greater one strikingly, con- 
spicuous to naked eye observation, though hardly to be called 
spectacular. To telescopic observation, both clouds are objects of 
peculiar interest. 
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The negative that especially attracted Miss Leavitt’s atten- 
tion was taken with the great reflector designed for photographic 
rather than direct examination of the heavens. 

Similar negatives had been many times studied, and very 
likely this particular negative had passed imder many eyes. 
But it was reserved for this woman observer to note a certain 
peculiarity of the record which was destined, as subsequently 



Fig. 90.— The Greater Magellanic Cloud. (Adapted from photo, 
credited to the Union Observatory, Johannesburg.) 

interpreted, to prove of altogether startling significance. Truly 
momentous, from the standpoint of the science of sidereal astron- 
omy. 

Yet the observation in itself was simple enough — albeit de- 
manding keen eyes and a clearly-coordinating brain. 

It consisted in comparison of the numerous stars of a cer- 
tain type among the multitudes of ordinary stars sprinkling the 
plate — ^rounding these up, as it were, and checking them off as 
regards their varying degrees of brightness. 

And noting — constituted the discovery — a certain puzzling 
relation between brightness of the stars and the unique particu- 
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larity according to which the stars in question were grouped 

together. 

This particularity was, and is, that the stars in question — ^the 
•ones sorted out and listed together, though sprinkled at various 
places in the Magellanic "cluster — ^are pulsing stars. 

That is to say, they are stars that seem to expand and con- 
tract, with perfect regularity of pulsation, like throbbing hearts. 



Fig. 91. — ^Miss H. Leavitt. (Crow-quilled from an original photo- 
graph by Mr. William Henry.) At Miss Leavitt’s right is the binocular 
instrument with which studies were made that led to her discovery of 
the Period Luminosity Law. 

each individual star having its own particular rate of pulsation 
which never varies — ^the period of some stars being only a few 
hours, for others several days, but in no case more than about a 
month. 

Such pulsing stars would be considered perhaps the strangest 
members of the sidereal family were it not that we ordinarily 
associate strangeness with rarity, and stars having this peculiarity 
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can hardly be called rare, as they are scattered here and there 
in most parts of the heaven. On the other hand in the relative 
scale, considering that they number only scores, as against the 
billions of stars that do not pulsate, these Cepheid Variables, that 
being their name, are rarities. 

Their strange conduct has, naturally, excited high interest 
since the time, more than a century ago, when the first member of 
the clan was observed to manifest its anomalous particularity of 
action. 

This first of pulsing stars to be observed is faintly visible to 
the naked eye in the constellation Cepheus. 

Hence the name Cepheid Variable, which came to stand as 
the class name for all stars of this type when, presently, it was 
observed that the original Delta Cephei was by no means unique, 
but had numerous imitators in various parts of the sidereal sys- 
tem. 

As a rule, the Cepheid Variables are located in the midst of 
clusters of stars, in particular they frequent the compact globular 
clusters — a fortunate penchant for the astronomer, as we shall 
see presently. 

But what, then, did Miss Leavitt discover as to the relation 
between brightness and pulsation-rhythm among the Cepheid 
Variables of the Magellanic Cloud depicted on the Arequipa 
negative? 

Why simply this: that all the variables of rapid pulsation were 
faint stars — of low visibility. All stars having pulsation-periods 
of less than one day were exceedingly faint. Stars of progres- 
sively slower periods of pulsation were progressively brighter. 
And the slowest-pulsers of all were the brightest of all. 

It should be explained that the pulsation-period — or, to speak 
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more technically the periods of variation — of all the numerous 
Cepheids hitherto observed were matters of established record — 
thanks to the patient observations of the star-gazers of several 
generations. Miss Leavitt’s discovery had nothing to do with 
that. It was perfectly well known that the numerous Cepheids in 
the Magellanic Cloud had various periods of pulsation, from 
very rapid to very slow as things go in the Cepheid-Variable 
world. The thing that had not been known was that there exists 
any definable relation between these variant rates of pulsation 
and the degree of m axim u m brightness of the different individual 
members of the dan. 

Even now that it was shown that such a relation does exist, 
nothing much might have been made of it, for off-hand it does 
not seem a matter of particular moment that certain exceedingly 
faint telescopic stars billions of nailes away fluctuate in bright- 
ness at short intervals, whereas certain others slightly less faint 
stars in the same sidereal neighborhood fluctuate somewhat less 
slowly. 

But there were two astronomers in the world who were at once 
struck, when they heard of Miss Leavitt’s discovery, with the 
thought that here was something that might prove of far wider 
significance than at first blush appeared — ^which might, indeed, 
give the due to an altogether new type of investigation of some 
of the profoundest secrets of the system of stars. 

One of these men was Prof. E. Hertzsprung, of Leyden. 

The other was Dr. Harlow Shapley, then of Mt. Wilson Observ- 
atory, subsequently Professor of Astronomy at Harvard. 

To each of them it occurred that Miss Leavitt’s discovery that 
the “period of fluctuation of a Cepheid depends on its candle- 
power” (as Sir James Jeans phrases it) might be used to test 
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the distance of other Cepheid Variables, wherever situated, even 
to the remotest parts of the visible universe. 

The point is this: the Magellanic Cloud is so exceedingly dis- Cepheid 
tant from the earth, that the Cepheid Variables scattered through 
it (though in reality scattered through an area scores of light- Distance- 
years in extent) may be regarded as practically at the same dis- 
tance from our planet. Therefore their apparent variations in 
brightness represent actual or intrinsic variations. The seemingly 
faint stars are actually of low candle-power; the bright ones of 
high candle-power. 

In a word, a certain rate of pulsation is uniformly associated 
with a certain degree of intrinsic luminosity. 

But special studies had long been made of the apparent bright- 
ness of stars; indeed, from ancient times and throughout the 
generations, rdative brightness was the standard according to 
which stars were listed as of the first magnitude, second magni- 
tude, etc., through the six magnitudes of naked-eye stars and 
the decreasing magnitudes to the 20th or 21st as revealed by 
telescopes successively more powerful. 

But of course it was familiarly recognized, in modem times, 
that there is no necessarily close relation between apparent 
brightness of a star, as we view it, and intrinsic bri^tness — ^the 
matter of distance being an obvious disturbing factor. 

The dazzling brilliant Sirius, for example, appears so bright 
merely because it is relatively near. In the absolute scale it is 
a star of only moderate luminosity, inferior to multitudes of 
stars which, because of their distance, are totally invisible to 
the unaided eye, and appear only as the faintest of specks in 
the most powerful telescopes. 

Astronomers are not altogether without dues for discrimina* 
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tion between apparent brightness and actual brightness, but there 
had been no star-gauge available in the least comparable to the 
one that the new Cepheid discovery seemed to offer. For here 
were stars which (thanks to Miss Leavitt’s discovery) were now 
seen to signal directly the record of their intrinsic brightness — to 
signal it by pulsing at a definite rate, just as a light-house beacon 
signals its identification by its intervals of intermission. 

It remained only for the observer to note the apparent bright- 
ness, as viewed from the earth,, of the star whose actual brig^it- 
ness was thus signaled in order to compute the relative distance 
of this star in comparison with the distance of any other Cepheid 
Variable similarly observed. 

Thus one Cepheid Variable could be compared with another 
as to relative distance throughout the entire group of Cepheids. 
And if the actual distance of any one Cepheid was known the 
actual distances of all others could be readily computed. 

Thus reasoned the two imaginative astronomers, one in Ger- 
many and one in California, on learning of the crude signals that 
the negative of the Magellanic Cloud had revealed to the Har- 
vard Observatory investigator. 

It was the California astronomer, who subsequently became 
a professor of astronomy at Harvard University, who followed 
up the due, and made himself master of a new department of 
astronomical sdence-— rather, let us say, became the creator of 
this new branch, as well as its most assiduous cultivator. 

No one can think of Cepheid Variables without at once think- 
ing of Prof. Harlow Shapley. 

The revelations that have resulted from the use of this new 
sidereal sounding-line in the hands of Prof. Shapley are nothing 
less than sensational. 
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Unimaginable depths of the heavens have been definitely 
sounded for the first time, by interpretation of the Cepheid Vari- 
able signals. The size, form, and structure of the galactic system 
and the distances of the globular clusters are gauged as was 
hitherto impossible, by observation of the pulsing Cepheids. 

Prof. Shapley charts the system of globular clusters, and finds 
that some are 200 light-years away, others more than 200,000 
light-years. 

Cepheid Variables in the big nebula in the Constellation Andro- 
meda locate that famous star-cloud at a distance of not far from 
1,000,000 light-years. 

And this is by no means the limit. Sir James Jeans makes quite 
casually a calculation which starts with mention that Cepheids 
whose light fluctuates in a period of 40 hours have approximately 
the luminosity 250 times that of the srm; and goes on to say 
that a Cepheid Variable of ten day period, with an apparent 
magnitude sixteen, from which we receive about as much light 
as from a candle at a distance of 10,000 miles is in reality 
3,600,000 light-years away. 

He adds that the “period-luminosity” law (as the Cepheid 
Variable method is called) “measures the distances of objects 
up to a million light-years away, with a smaller percentage of 
error than is to be expected in the parallactic measures of stars 
only a hundred light-years away.” 

The “parallactic measures,” it will be recalled, are made by 
direct observation of a star from opposite sides of the earth’s 
orbits. Stars 100 li^t-years away approach the limit to which 
this method is applicable. 

Such measurements would have comparatively restricted value 
were they confined to the Cepheid Variables themselves. 
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But the value is enormously enhanced because these variables 
are usually situated, as already noted, in clusters or in nebulae, 
so that the pulsating star signals not only its own distance, but 
the distance of thousands or millions of stars of the localized 
system in which it is found. Such groups may be in themselves 
hundreds of light-years in diameter, but such dimensions are 
negligible in contrast with the thousands or millions of light-years 
that separate the group as a whole from the earth — somewhat 
as one would neglect the difference between the near and far side 
of a football at a distance of a hundred miles. 

The significance of this is made impressive by the estimate 
that names 50,000 light-years as the diameter of the Andromeda 
nebula. A big football, that! 

But while the Cepheid Variables thus signal distances across 
the inconceivable spaces of the universe, revealing their individual 
locations, what do the strange signals tell us of the character of 
the pulsating stars themselves? 

It would be sensational news in the astronomical world if a 
definite and conclusive answer could be given to that question. 

For the nature of the Cepheid Variables — ^the reason for their 
anomalous fluctuation in luminosity — constitutes one of the out- 
standing puzzles of Astrophysics, regarding which there has been 
abundant controversy, with no present prospect of agreement 
among authorities. 

Of course explanations have been attempted. There are, indeed, 
two alternative theories, each with its prominent advocates, but 
neither, apparently, capable of explaining consistently quite all 
the observed conditions. 

One theory is championed by Prof. Shapley and Prof. Edding- 
ton; the other by Sir James Jeans. 
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No one in the world feels quite competent to decide when such 
doctors disagree. But both theories are of interest and must be 
briefly summarized here. 

According to Prof. Shapley’s theory, which Prof. Eddington 
supports, the fluctuating luminosity of the Cepheid Variables is 
associated with an actual expansion and contraction of the bodies 
of the Cepheids themselves. 

In other words, it is a veritable pulsation, like a heart-beat. 

The fact that the light of the star, which is blue at the peak 
of luminosity, changes toward red on subsiding, supports the idea 
of an actual change in constitution of the structure. 

It is obviously within the possibilities that a gaseous body may 
expand and contract. 

The slowing down of the rate of pulsation with increasing maxi- 
mum luminosity suggests some fixed relation between starage and 
the progressive change of constitution which determines the rate 
of expansion and contraction. 

All this seems plausible enough until we seek a cause for the An Aiter- 
sudden expansion by millions of miles of diameter to a fixed 
limit of a gaseous body, which immediately then begins to con- 
tract and as rapidly returns to the fixed minimum. 

The attempt has not hitherto been convincingly successful. In 
the words of Sir James Jeans: 

“The bdiavior of such masses of gas has been investigated 
mathematically by Eddington and others, but it does not appear 
that it can be reconciled with the observed behavior of Cepheid 
Variables.” 

The alternative theory, which Sir James himself advances, 
regards Cepheid Variables as bodies of ovoid shape, rotating, and 
on the point of fission — each a binary star in the making. 
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The variation in luminosity (in this view) is due to the pres- 
entation to view alternately of the long axis and the short — the 
broad side and the edge — of the ovoid body as it rotates. 

Inasmuch as all celestial bodies are believed to rotate, and as 
double stars are exceedingly abundant (one-third of all naked- 
eye visibles are binaries, either visual or spectroscopic), and as 
such doubles are believed to have originated by fission, this sug- 
gestion seems highly plausible. It needs no higher mathematical 
support than that of its originator. 

On the other hand, it does not obviously explain the recurrent 
changes of constitution of the star, as evidenced by its alleged 
change of spectroscopic character. 

So the dumbbell theory, like the other, requires additional 
support. 

The consensus of opinion seems to be that the final solution of 
the Cepheid Variable mystery is a problem for the future. 

There are variable stars of other types that are no less myste- 
rious. Long-term variables, for example, whose activities do not 
conform to those of the Cepheids, and regarding which it can 
scarcely be said that there is a current opinion as to their true 
character and the meaning of their variability. 

Then, too, there are variables known as Novae, or new stars, 
which burst out from time to time in the heavens, sometimes 
attaining the brilliancy of planets, and then fade away in the 
course of days, weeks, or months. Such new stars have been 
occasionally observed, since the time of Hipparchus. 

Tycho Brahe saw one, it will be recalled, and thou^t its 
appearance a miraculous event comparable to the standing still 
of the sun at command of Joshua or the darkness that came 
upon the earth at the Crucifixion. 
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Kepler saw one, too, and so did various of Ms great astronomi- 
cal successors. Two notable ones appeared in the early years of 
the present century. 

But nowada}^ they have ceased to be rarities, under perpetual 
scrutiny of the heavens with enlarged telescopic eyes. No fewer 
than eighty have been observed within recent years in the single 
structure of the great nebula in the constellation Andromeda. 

As long ago as 1866, Sir William Huggins, the pioneer worker 
with the spectroscope, observed a new star, and saw that it had 
a spectrum of the solar order, with numberless dark lines, out of 
which shone brilliantly a few very bright lines. There was no 
doubt that at least two of these lines belonged to hydrogen. 
The great brilliancy of these lines as compared with the parts 
of the continued spectrum upon which they fell suggested a tem- 
perature for the gas emitting them higher than that of the 
star’s photosphere. 

These observations suggested to Huggins that some sudden 
and vast convulsion had taken place in a star so far cooled down 
as to give but little light, or even to be crusted over. 

“Volcanic forces, perhaps, or the disturbing approach or par- 
tial collision of another dark star, had led to the escape of Mghly 
heated gases from within; and a chemical combination, after 
the gases had cooled by sudden expansion, gave rise to the out- 
burst of flame at once very brilliant and of very short duration.” 

Possibly this speculation serves as well as another to explain 
a phenomenon wMch confessedly is by no means thoroughly 
understood. 

The great Swedish chemist and cosmologist, Arrhenius, sug- 
gested an explanation not altogether dissimilar, to the effect that 
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a dark star plowing into a mass of nebulous matter sets up a 
conflagration which is temporary, or the effects of which are pres- 
ently hidden by the great volume of combustion-products, which 
form in effect a smoke-screen, accounting for the rapid fading 
away of the star that had blazed up so brilliantly. 

The observed fact of the relatively frequent appearance of 
the new stars in a nebula, as in the case of Andromeda just men- 



tioned, gives a measure of plausibility to the hypothesis of Ar- 
rhenius. But we shall require much more light on new stars before 
an explanation of their phenomena is made that will gain general 
acceptance. 

The great significance of the new stars, in the early day, was 
to demonstrate to an astonished world that changes can talrp 
place in the supposedly immutable structure of the firmament. 

Since, in the modern view, the whole universe is in a condi- 
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tion of perpetual flux, this aspect of the matter naturally has no 
significance. 

Another type of Variable star, and an exceedingly common 
type, has its typical representative in the well known star Algol. 

This star, and others of its type, fluctuates in light, waxing 
and waning at regular intervals, which may vary from hours to 
days, months, or years. 

The variability of Algol itself was discovered by the i8th cen- 
tury astronomer, John Goodricke, in 1782, just at the time when 
Herschel was beginning to make the stars famous. Goodricke’s 
extended observations established the periodicity of the star as 
about “two da5rs and nearly twenty and three-fourths hours.” 

This first observer of a variable star, or rather of the variation 
of a star, not only established thus its periodicity, but he went 
on to make tentative explanation of the strange phenomena. 

Moreover, he found the correct solution, as was to be dem- 
onstrated more than a century later by Prof. H. C. Vogel, an 
authoritative worker in the field of spectroscopy. 

“If it were not perhaps too early to hazard even a conjecture 
on the cause of this Variation,” saj^ Goodricke — ^and then goes 
on to hazard the conjecture, be it too early or not. 

And the conjecture is that the phenomena observed, “could 
hardly be accounted for otherwise than either by the interposi- 
tion of a large body revolving around Algol, or some kind of 
motion of its own, by which part of its body, covered with spots 
or such like matter, is periodically turned toward the earth.” 

The first guess was the right one. The variation of Algol, is 
due to the revolution about it of a companion star which, unlike 
itself, is not luminous. In 1880, prior to Vogel’s spectroscopic 
demonstration. Prof. E. C. Pickering, of Harvard Observatory, 
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made a mathematical treatment of the star’s orbit, based on the 
accurate photometric (light-measuring) observation of the light 
changes at the time of the eclipse — ^the particular field of work 
which Pickering had made peculiarly his own. 

The spectroscopic testimony was required, however, to make 
demonstration complete. 

Since it is known that double stars are the rule rather than 
the exception, it is not strange that variables of this type are 
exceedingly numerous. 

The revolving couple may both be luminous, and yet the light 
may fluctuate when they are in alignment. Of course the orbit 
of a binary is only by chance so aligned with the earth that 
eclipse, partial or complete, occurs. 

But this happens often enough to make variable stars of the 
Algol t3q)e by far the most abundant of all variables. 

It is interesting to note in passing that the same astronomer, 
John Goodricke, who thus first studied the variability of a star, 
went on to discover variables of other t3q)es, notably the star 
called Beta Lyrae, a long-term variable whose vagaries are still 
not well imderstood, though shared by a considerable company 
of other variables of which this is the type; also Delta Cephei, 
type star of the Cepheids, whose peculiarities claimed our atten- 
tion a few pages back. 

Goodricke died too young to achieve popular fame, (besides 
being overshadowed by William Herschel. But during his brief 
life he was a by no means insignificant figure in the astronomical 
world. No doubt the variable stars he introduced to the public 
had a certain share in developing popular interest, and in par- 
ticular in spreading broadcast the conception that the “fixed” 
stars are by no means fixed and invariable. 
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Herschel himself also studied the double stars, as we have 
seen, and inferred from their observed occultations their regular 
swing in orbits explicable on the basis of Newton’s law. It was 
this observation, indeed, that demonstrated the hold of the law 
of inverse squares on the sidereal bodies, no less than on the 
bodies of the solar system. 



Fig. 93 . — Sherburne Wesley Burnham. (Crow-quilled from a half-tone 
credited to Popular Astronomy.) 

From that day to this double stars have had fascination for a Double 
long list of astronomers, including some distinguished amateurs, 
among them Burnham, the American, who personally discovered sands 
no fewer than a thousand doubles while still pursuing astronomy 
only as an avocation. 

In 1906 the Carnegie Institution published Burnham’s com- 
plete list of all known double stars of the northern hemisphere 
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and to the thirty-first parallel of the southern hemisphere. Data 
are given for 13,665 stars. 

Two stars that are close together may be only optically double, 
one star being far more distant than the other, and the two 
having no connection. Physically double stars are those that 
show a connection either by having a conimon proper motion 
or an observed orbital motion beyond their center of mass, the 
latter being known technically as binary stars. 

Aitken and Hussey at the Lick Observatory have made an 
extraordinary survey of large portions of the northern heavens 
for double stars. Aitken’s book on the binary stars gives the 
results of the scrutiny of a total of 100,979 stars, for which 5,400 
proved to be doubles. Aitken himself had discovered 2057 of 
these, and W. Struve 1053. The conclusion is drawn that about 
one star in every eighteen as bright as the ninth magnitude in 
the northern sky is a double star as seen with the 36-inch Lick 
refractor. The proportion of double stars in or near the Milky 
Way is slightly greater than at a distance from it. 

AU this refers to visible doubles. 

Reference has already been made to spectroscopic doubles, in 
binary systems, one member of which may be a dark star. 

There is every reason to suppose that numberless stars have 
dark companions, though no data are available for a plausible 
estimate of the proportion of such. Of course the vast prepon- 
derance of the millions of stars revealed only by higher powers 
of the telescope are too faint to record spectrum lines by which 
their duplicity could be detected. 

“Dark Star” seems a contradiction of terms. The existence of 
such bodies in the heavens, is an appealing paradox. 

Are any of the dark stars afSicted with busy microbes that 
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might be classified as allied to the genus Homo? We can only 
surmise. It would be charitable to hope not. 

But if there were such, even the all-seeing eye of the spectro- 
scope could by no chance detect their presence. 

The inadequacy of existing instruments to detect the existence The 
of bodies of planetary size and mass, if there are such attendants 
on stars other than the sun, is emphasized by the observation kn 
that the trans-Neptunian planet discovered January 21, 1930, 
appears as a star of fifteenth or sixteenth magnitude, visible only 
in the field of the very largest telescopes. Then it appears merely 
as a speck of light, comparable to many millions of precisely 
similar specks. (Of fifteenth magnitude stars, the number com- 
puted is about 27,500,000; of sixteenth magnitude about 
57,100,000.) 

Yet the newly-discovered planet, though by preliminary esti- 
mate perhaps four and a half bfilion miles from the sun, is but 
stone’s throw away from us, in comparison with even the nearer 
stars. The new planet is perhaps fifty times our distance from 
the sun. But the nearest stars, Alpha Centauri and its neit- 
her “Proxima,” are at something over 268,000 times the sim’s 
distance. 

The light by which the new planet is photographed has come 
to us in perhaps seven hours. Light from the nearest star takes 
four and a third years to span the gap between us. And the star- 
flecks that lie on the plate surrounding the image of the new 
planet register light that may be scores, hundreds, or even 
thousands of years from its source. 

In an earlier chapter we saw that a trans-Neptunian planet 
was suspected to exist not long after the discovery of Neptune 
itself. The calculations of the nineteenth century astronomers. 
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based on seeming perturbations of the course of Neptune, and 
on unaccounted-for retardations of certain comets, led to no 
definite result, but did not dispel the suspicion. 

Prominent among the astronomers who were convinced of the 
existence of a disturbing outer planet, and who made elaborate 
calculations as to its probable place in the heavens in our epoch, 
was Percival Lowell, founder of the Lowell Observatory at Flag- 
staff, Arizona, an enthusiastic amateur of professional accom- 
plishment, popularly known for his elaboration of the theory 
that the marks on the planet Mars represent areas of vegetation 
along irrigation canals. 

This theory has not gained general acceptance, but the name 
of its chief proponent is assured perpetuity by the discovery, at 
the Flagstaff Observatory, fourteen years after its founder’s 
death, of the trans-Neptunian planet, in the region where his 
calculations had located it. 

The discovery was the result of specific search, made with a 
telescope especially designed for the work of photographing 
smaller stars. The light-speck representing the planet was first 
seen (close to the position of Delta Geminorum, a few degrees 
from Pollux) by a young photographer, Clyde W. Tombaugh, on 
a negative taken January 21st, and reported at once to the 
director of the observatory, Dr. V. M. Slipher. He and his asso- 
dates confirmed the discovery, but did not make it public till 
several weeks later. Partly to make assurance doubly sure, partly 
perhaps for sentimental reasons, they withheld the announcement 
till March 13th, which is the anniversary of Herschel’s discovery 
of Uranus (1781) and also of the birth of Percival Lowell 
(185s), whose life-work the discovery in effect laureated. 
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'And I saw a new heaven and a new earth: 
for the first heaven and the first earth were 
passed away; and there was no more sea.” 

— Onentd Anthology. 
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ADAMS — ^PEASE — ^HUBBLE — STAB NUMBERS AND DISTANCES 

I NTERPRETED by the Leavitt-Shapley “period-luminosity law,” 
the Cepheids in nebulae appear to confirm the preconception 
that many of these, including all the spiral nebulae, are so remote 
that they may be thought of as “island universes,” even as Kant 
and Herschel in the old days regarded them. 

We shall see before we are through that there is perhaps another 
possible interpretation. But the conception of the spiral nebulae 
as island rmiverses, or independent universes, outside our own 
universe, the galactic system, is the orthodox view of the astron- 
omy of our epoch. 

This view has been fortified not alone by Professor Shaple/s 
studies of the Cepheid Variables, but also by another series of 
altogether remarkable observations, made in particular by Dr. 

W. S. Adams, of Mt. Wilson Observatory, in which the wizardry 
of the spectroscope has been put to a new and very strikingly 
successful test. 

Briefly, this amazing instrument, which hitherto had revealed Again the 
the chemical composition of the stars and tested their line-of- 
sight movement, was to reveal also the parallax — that is to say Spectio- 

scope 

the distance — of thousands of stars vastly too far away to be 
tested by the method of triangulation. 

The method is based on the fact that when spectroscopic study 
was made of the lines in spectra of the stars of known distance, 
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it was found that in stars of the same type — ^giants and dwarfs 
of class M in particular — ^spectral lines that were faint in one 
were intense in the other. The numerical difference could be inter- 
preted in terms of difference of absolute luminosity of the sur- 
face from which the light emanated. 

In other words, here was a method of testing the absolute 
or actual luminosity of any star that could be spectroscopically 
photographed. And, as we have seen in connection with the 
Cepheid Variables, if actual luminosity can be known, a compari- 
son with the observed apparent luminosity gives data for cal- 
culation as to the distance of the star xmder observation. 

In the annals of the astronomer, it is found convenient to state 
star-distances from the earth in terms of parallax. But of course 
parallax can always be translated into the terms of light-years or 
of miles — ^though the last would involve the use of interminable 
rows of figures or of such meaningless phrases as “trillions of tril- 
lions.” 

The point of the moment is that this new method of spectro- 
scopic parallax-determination reveals the distances of coteries of 
ordinary stars, just as the Cepheid Variable method revealed the 
distance of stars with which these anomalous bodies are asso- 
ciated. 

Obviously the two methods could be used to check each other 
on occasion. It appears that their findings are, generally speak- 
ing, in accord. 

The general result is that the astronomical world has become 
accustomed to the contemplation of sidereal distances which, 
were it not that they are altogether incomprehensible, would be 
utterly staggering. 

A third method, which associates absolute luminosity with 
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mass, assuming that, surface for surface, stars of the same spectro 
t)^e are of the same degree of brightness (a basic principle in 
Prof, Russell’s celebrated scheme of stellar evolution) has sup- 
plemented the other methods. In a word, the attack on problem 
of star-size and star-distance has concentrated from many direc- 
tions, and the new knowledge as to details of the celestial mech- 
anism is bewildering in its profusion. 

The technical character of most of these investigations makes 
it necessary for the lajunan to take their findings quite on trust, 
but confidence that the new estimates are by no means chimerical 
was justified (as noted in an earlier chapter) by the results of 
the direct measurement of the diameters of several of the largest 
stars — ^which were surprisingly in accord with dimensions predi- 
cated by the earlier estimates. 

The direct measurement in question, made at Mt. Wilson by 
Dr. Pease with Prof. Michelson’s wonderful interferometer, has 
been spoken of as the most notable achievement in practical 
astronomy of the present century. 

But the method can be applied only to a few of the very 
largest stars that are relatively near, and after all its results are 
only corroborative— though in that enormously important— of the 
more comprehensive results of the application of the principle 
of period-luminosity in connection with Dr. Shapley’s puzding 
variables, the principle of spectroscopic parallax as affiled by 
Dr. Adams, and the interpretation of Prof, Russell’s principle 
of the relation between mass and luminosity among stars of the 
same spectroscopic type. 

Spectroscope and photographic plate are stiU the chief acces- 
sories of astronomical equipment, as they were a generation ago. 

But new methods of application, and new interpretations, have 
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SO extended their field of usefulness, as to change the entire com- 
plexion of contemporary astronomical research. 

It cannot be said that the new interpretation of the heavens 
involved is revolutionary. 

Rather it is as if a powerful searchlight had been made to 
play on the old celestial mechanism, enabling the astronomer of 
our day to peer into its recesses with clear vision, where before 
there had been at best a twilight view or the fog of inadequately 
supported speculation. 

TbeNiunr The sidereal system as thus envisaged estimates the stars of 

Ste galactic system— the structure of which the Milky Way is 

the backbone— as numbering, probably, from 100 to 300 billion. 

The former estimate is that of Professor Shapley, the latter 
that of Professor Eddington. 

Such figures being totally without meaning for any mind, it 
makes no difference which may be nearer the truth; or whether 
some more modest estimates should be substituted. 

Suffice it that the number of stars in our galaxy is inconceivably 
great. 

I am not sure that concrete illustrations help one much toward 
a real comprehension of figures that so far surpass clear grasp 
of the imagination. But here are three or four illustrations that 
I have sometimes used. 

Star Suppose that each star of the 100 billion in the galaxy were 
reduced in size to the mere needle-point that it seems — say to the 
size of a period on this printed page. 

If, then, the loo-billion periods could be distributed single 
file, one after another in dose contact, the line of periods would 
suffice to reach round the globe at the equator. If you try to 
imagine how many of these periods would be required to make 
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a line a mile long, and then imagine 25,000 such lines, you at 
least realize that we are dealing with a great many periods. 

Again, suppose each one of our 100 biUion staurs to be the size 
of a silver quarter-dollar, and that the quarters were spread out 
in a close contact to form a mosaic covering the surface of the 
ground. There would be enough of these quarters to cover 250 
square miles, or a surface 16 miles square. That would be a great 
many quarters. 

If we suppose each of the quarters magnified to a diameter of 
nine feet, we should then be able to make a solid mosaic cover- 
ing the entire surface of the United States. 

Finally, if each of our stars had a diameter of 38 feet — ^the 
length of a biggish room — ^the aggregated supply of such paving 
stones would put a solid layer over every mile of the land sur- 
face of the globe. 

But after we are through with all such illustrations, I am 
inclined to think that by merely glancing at a photograph of a 
portion of the Milky Way — ^realizing that this represents a tiny 
spot of sky in the midst of the immensity of the firmament — one 
gains a more overwhelming sense of the number of the stars 
than can be gained from any imaginary transposition of the stars 
to the surface of our infinitesimal planet. 

No one doubts nowadays that all these stars are in motion. Whither 
though the movements of only a few thousand have been accu- 
rately charted. 

Of course our sun moves along with the rest, and the direc- 
tion of its flight — carrying the planetary system with it — ^has 
been accurately charted by noting the direction of apparent 
movement of the nearer stars which appear to shift backward 
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in comparison with more distant stars, just as telegraph poles 
from a car window shift back against the distant landscape. 

Another method of testing the sun’s flight is spectroscopic. 
By noting the apparent speed of approach of a given star at 
different periods of the year, a difference may be observed (in 
case of a star properly located) which may be interpreted as 
movement of the observer through space. Of course, account must 
be taken of the known movements of the earth, rotational and 
orbital. 

But a residual movement may remain which is to be inter- 
preted as flight through space of the entire solar system. 

The so-caUed apex of the sun’s flight, as determined by these 
various tests, is located toward the bright star Vega — ^which will 
one day be the pole star. 

The most accurate designation of this apex of the sun’s flight 
is held to be that made by Lewis Boss, based on investigation 
of the proper motions of more than 5000 stars. 

The exact position, as he determined it, is given as Right Ascen- 
sion 18 hours 2 minutes; Declination, plus 34.3 degrees. 

A slight departure as to the declination is shown by the inves- 
tigations of Campbell and Moore of the Lick Observatory on the 
radial velocities of more than 2100 stars. In one part of the sky 
the stars on the whole are approaching, in the opposite part they 
are receding, while in the region between, they are, on the aver- 
age, doing neither. They find the point toward which the sun is 
moving to be Right Ascension 18 hours 2 minutes, in agreement 
with Boss, but Declination 29.2 degrees — a difference of 5 
degrees, or 10 apparent diameters of the moon. 

It is of interest to recall that the newest estimate of the direc- 
tion of flight of our sun with its attendant planets varies by only 
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a very small angle from the direction estimated more than a hun- 
dred years ago by Herschel — ^whose inspired guess had foundation 
in observation of only seven stars of observed proper motion, 
as against the thousands at the service of the modem cosmologist. 

Herschel’s estimate of the form of the galactic S3^tem, and 
his conception of the nebulae as island universes lying beyond our 
system, also find confirmation in the elaborated investigations of 
the modern astronomer. 



Fig. 94. — A Planetary Nebula and Dark Nebulae. (Adapted from a 
photograph credited to Prof. M. Wolf.) 

When structure of this universe is in question, the nebulae 
always come in for a full share of attention. 

Nebulae belong essentially to modem astronomy, since despite 
their enormous actual size, they are so distant from the earth 
or so faintly luminous as to be telescopic objects only, with the 
single exception, in the northern hemisphere, of the aforemen- 
tioned great nebula in the Constellation Andromeda. 

This is faintly visible to sharp eyes as a small patch of light, 
comparable to numberless nebulosities of the Milky Way — ^the 
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latter being, in part at any rate, merely groups of more distant 
stars. 

In addition to such apparent nebulosities, there are, of course, 
numberless actual nebulae located in the Milky Way, subject only 
to observation with the telescope, and satisfactorily observable 
only with telescopes of high power. Indeed, there are two main 
types of nebulae and several sub-types, that are found almost 
exclusively in or near the Milky Way, and which are therefore 
known as Galactic Nebulae. 



Fig. 95. — Trifid Nebula in Sagittarius. (Crow-quilled from a photo- 
graph of untraced origin.) 

As classified by Dr. Hubble, these are called planetary nebtdae 
and diffuse nebulae. 

Of the latter type — ^the filmy structures familiar in stdlar pho- 
tographs — ^some are predominantly luminous, others so obscure 
that they make apparent dark places in the midst of the star 
pictures; yet others conspicuously mixed, luminosity alternating 
with obscurity, in a way to suggest diffusion of a nebulous struc- 
ture. 
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The great nebula in Orion, the Trifid nebula in Sagittarius and 
the network nebula in Cygnus are familiar illustrations of diffused 
Galactic Nebulae. 

Planetary nebulae are so named because with telescope of low pianetaiy 
power they appear to have a small disc, like that of a planet, 
with a fairly well-defined edge. They are, however, of more 
intricate form as viewed with higher powers. The so-called ring 
nebulae usually have a focus of light, like a bright star, at the 



Fig. 96.— Network Nebula in Cygnus. (Crow-quilled from a photo- 
graph of untraced origin.) 

center of the target-like ring or bull’s eye within the annulus of 
nebulous li^t 

These look more like rings of smoke which some tobacco users 
puff out than like any other familiar object. 

The so-called extra-galactic nebulae are sometimes of ineg- 
ular form, but more commonly take the shape of fairly regular 
ellipses, or else of spirals. 

The two t3q)es are held to be closely similar in character. 
Exceptional interest attaches to the spiral form which is, as we 
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have seen, regarded by some highly competent observers as a 
world-system in process of evolution. 

Both types have well-defined centers of high luminosity, which 
are, according to one theory, vast aggregations of stars, but 
which no present telescope can resolve into individual particles 
of light. 



Fig. 97. — Tj^pical Ring Nebula. (Redrawn from a photograph of 

untraced origin.) 

It is highly interesting to note that the prevailing twentieth cen- 
tury opinion as to the spiral nebulae is that they lie at enormous 
distances (even as distances are counted in the sidereal world), 
and actually beyond the bounds of our galactic system. 

That they are, in a word, “island universes,” just as Herschel 
thought them, and as Kant conceived them away back at the 
middle of the i8th century. 

The seeming rotation of the spirals, which has been assumed 
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to represent an actual revolution of the component stars and Rotation 
nebulosities of the arms, or indeed of the entire structure, has 
been verified by the critical observations of Van Maanen, who 
compared photographs taken at Lick and at Mt. Wilson Observ- 
atories from ten to seventeen years apart. 

He finds in several cases evidence of the change of the positions 
of small condensations in the nebulae with respect to stars in the 
vicinity. 

He infers a movement of matter from the nucleus along the 
arms of the spirals and a rotation of the arms about the nucleus. 

Dr. Lundmark confirms this. But one observer makes the speed 
of the shifting masses 16,000 miles per second, the other only 
1500! 

The direction of rotation in each instance is not what it 
looks like to most eyes in the picture, but what the current theory 
as to the origin of the structure would lead one to expect: the 
curved arms are swinging with their concave sides forward — ^as 
if winding about the nucleus. 

Meantime the spectrographic method has been applied in the 
endeavor to test the rotation of the arms of spiral nebulae by 
Slipher, Pease, Wolf, 2ind Wright (I quote here Professor E. A. 

Path, of Carleton College) : 

Their results show material to be moving away from the 
nucleus. But they find the velocity to be of the order of only 200 
miles per second. 

The discrepancy between 200 miles 1500 miles and 16,000 
suggests that results hitherto attained are only tentative. This 
is peculiarly apparent when it is added that Drs. Van Maanen and 
Lundmark (as Professor Smart remarks) made their divergent 
measurements on the same plates. 
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Unfortunately the chance to check one method by the other is 
not quite all that could be wished, because the nebulae best suited 
for the spectrographic method, that is to say, those whose planes 
are inclined at a small angle to the line of sight, are the ones 
least suited to detect displacement by direct measurements of the 
photographs. For obvious reasons, those whose planes are most 
nearly at right angles to the line of sight are best suited to the 
second method. 



Fig. 98. — Great Nebula in Andromeda. (Crow-quilled from a photo- 
graph made at Yerkes Observatory.) 

About 500 nebulae of the spiral class have been thus critically 
observed, ranging in size from the great Andromeda nebula, 
which is about two degrees in length, or four times the apparent 
diameter of the moon, to objects so small as to show a definite 
spiral structure only upon careful examination. 

But the large ones on small-scale plates are closely s imilar 
to the small ones on large-scale plates. 

Apparently size is held to be largely a question of distance. 

Prof. Path, working with plates taken with the sixty-inch 
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reflector of the Mt. Wilson Observatory, illustrates graphically 
the long-observed tendency of the spiral nebulae to cluster about 
the galactic poles — ^that is to say, the relatively bare spaces of 
the sky in rectangular relation to the plane of the Milky Way. 

He shows further that the clustering is more marked around 
the northern than around the southern galactic pole; and that 
the clusters tend to focalize in opposite quadrants of the celestial 
sphere. 

He suggests the possibility, however, that the seeming avoid- 
ance of the Milky Way by the spiral clusters may be only an 
optical effect, due to the obscuration of these distant and faint 
bodies by the brighter light of the galaxy. 

“For the present,” he adds, “it seems best to accept the ap- 
parent distribution as an observed fact and await further light 
on the subject.” 

Prof. Path, among others, has made somewhat careful esti- Distances 

of the 

mates of the total number of nebulae observable in the entire sky. Nebulae 

He states that no attempt has been made by anyone to make 
a really accurate count, but cites the estimate of several other 
observers in which the aggregate census varies from 120,000 to 
more than 1,000,000. 

His own opinion is that, for the present, the number of nebulae 
within reach of the largest photographic telescopes may be taken 
provisionally at from one-quarter to one-half million. 

No nebula has been clearly shown to have a visual parallax, 
from which, as from other evidence, it is inferred that nebular 
distances must in general be measured in terms of thousands 
of light-years. 

Dr. Hubble, from study of the Cepheid Variables in An- 
dromeda, estimates the distance of that nebula at 700,000 light- 
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years. And this is presumed to be perhaps the nearest member 
of the family. 

If the extra-galactic nebulae are of the same general order 
and size and luminosity (a rather hazardous inference, perhaps, 
but one to which many astronomers are committed) then the 
smalipr of the photographic images represent nebulae of dis- 
tances that make the farthest galactic stars seem neighborly. 

Dr. Hubble estimates the distance of some of the smallest at 
80,000,000 light-years! 

He estimates also that with long e:qposure the one hundred- 
inch reflector at Mt. Wilson Observatory might record objects 
at a distance of about 145,000,000 light-years. 

Meantime Professor Shapley reports that some of the Harvard 
plates show a group of nebulae in the region of Coma-Virgo 
which may be as much as 100,000,000 light-years distant. 

Nothing neighbody about such spiral nebulae as these! 

Notwithstanding the skepticism I have previously expressed 
as to the value of such illustrations, I am moved to present the 
result of an attempt I sometimes make to bring the imagination 
of a popular audience to grips with the implications of “100,- 
000,000 light-years.” 

I ask the audience to endeavor to imagine a cable of fine silk 
thread stretched out from the earth to the star that is 100 mfllion 
light-years distant. 

I ask them to assume then that the earth, in spinning, winds 
the thread about it at the equator, as one winds a spool of thread 
or a skein of yam, 

I do not ask my auditors to endeavor to imagine the length of 
time that would be required for the sp inning ^obe to wind up the 
entire cable of thread. I ask them merely to assume that this 
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span has elapsed and that the thread is wound about the globe 
tightly, as a spool of thread is wound. 

I ask them to imagine that the surface of the globe on which 
the thread was wound is 4000 miles in width, covering thus some- 
thing more than the entire tropic zone. 

Then I tell them that there would be enough of the thread to 
cover this surface — makin g a great belt 4000 miles wide around 
the entire globe — ^not once merely, but a thousand times. 

In other words, the earth-spool would have tightly wound 
about it 1000 layers of thread across the entire breadth of 4000 
miles and stretched round the 25, 000-miles circumference. 

Again I am not very certain that such an illustration greatly 
helps. 

Still, no one can contemplate that 4000-mile-wide girdle about 
the protuberant waist-line of what, from the human standpoint, 
seems a very large planet, without gaining the impression that 
a great deal of thread has been required to plumb the depths 
of 100 million light-years. 


XXXIII 

KAPTEYN — ^EASTON — SHAPLEY — ^THE STRUCTURE OF 
THE UNIVERSE 

L et us now endeavor to gain an impression of the mechanism 
j of the stellar system that requires such a cable for its sound- 
ing, as revealed to, or interpreted by, the modem astronomer. 
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Let it be said at once that the envisagement of this celestial 
mechanism does not require us to change very markedly the 
mental picture derived from contemplation of the grindstone 
universe of Dr. Wright, exposited at the middle of the i8th cen- 
tury, or the allied systems of his contemporaries Lambert and 
Kant — conceptions that the elder Herschel elaborated and made 
f amiliar to the generation that saw the beginning of the r9th 
century. 

The familiar figure then suggested — a grindstone — or even 
better an ordinary watch, may be cited as fairly representative 
of the shape and form of the galactic system, which is usually 
referred to as the universe. 

The galaxy itself, or Milky Way, represents the plane of the 
equator of the system, and it seems to form a nebulous coil of 
stars circling the heavens, chiefly because it represents greater 
sidereal depths than are viewed in other directions — as if one’s 
position were not far from the center of a watch, and necessarily 
at a greater distance from the circumference than from the two 
flattened sides. 

As to our precise location in their lens-shaped galaxy, the 
modern estimates are somewhat different from the estimate of 
Herschel. He opined that we might be fairly near the center. 
The modern estimate removes us considerably from that loca- 
tion — ^being mo're nearly in agreement in this regard, it may be 
added, with the estimate of Lambert, who on the basis of utterly 
inadequate evidence, made the sagacious speculation that the 
actual center of the galactic system lies at a remote distance 
from our sun. 

Lambert suggested Orion or Canis Major as the possible cen- 
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ter. The modern astronomers do not closely agree with Lambert 
or with one another, as we shall see. 

But the modern estimates are confessedly only tentative. No 
very convincing evidence is available to determine the precise 
bounds of the galactic system, notwithstanding the agreement as 
to its general outline. 

It is argued that since the Milky Way is practically a great 
circle in the sky (a “great circle” in the technical sense is a 
circle whose plane cuts the center of the sphere or spheroid), 
the sun must lie dose to its plane. 

The meaning of “dose,” however, calls for eluddation. Ac- 
cording to Gerasimovic and Luyten, as cited by Professor Path, 
the sun’s distance from the plane of the Milky Way may be esti- 
mated at 33 parsecs — about a hundred light-years. 

Not so very “dose,” then, in the ordinary acceptance of the 
word. 

But this distance, be it tmderstood, refers to the plane of the 
Milky Way and not to the center of that plane. The sun’s dis- 
tance from the center is held to be very much more significant. 
But as to just what the figure should be, authorities are by no 
means agreed. 

We are told that, as regards the location of the center, Kap- 
teyn, guided by his studies of star-drift, favors the region of 
Cassiopeia, while Shapley, whose Cepheid-Variable and Glob- 
ular-Cluster studies have made him thoroughly at home in the 
universe, thinks the Scorpius-Sagittarius region the more prob- 
able one. Yet other astronomers, notably Easton, favor the direc- 
tion of Cygnus. 

Finding here a range of right-ascensions of six hours or so, 
and a range of dedinations covering half a hemisphere, one’s 
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mind reverts to the estimate of the sagacious Lambert, and one 
wonders whether his guess, perhaps, may not be as good as 
another. 

Meantime, one is prepared to learn that the authorities are 
not well agreed as to the probable distance of the sun from 
the center of the galactic system — ^which is no more than might 
be expected, inasmuch as they so radically disagree as to where 
that cmter is. 

We are told that Kapteyn has given a provisional estimate 
of 650 parsecs but that Shapley’s work shows rather conclusively 
that this is too small. His estimate is 16,000 parsecs — a, 25-fold 
increase. 

A difference of 50,000 light-years cannot be regarded as quite 
insignificant, even in charting the universe. But fortunately the 
discrepancy means nothing so far as actual comprehension is 
concerned of our relation to the galactic system. 

Let it suffice that the authorities are agreed that the sun lies 
a long way from the geographical center of that system. 

A partial explanation of the discrepant estimates of the sun’s 
precise location in the galactic system is to be foimd in the fact 
that the study of star movements on a large scale is a com- 
paratively recent development of astronomical science. 

The present situation can be understood only if we reflect on 
our shifting relation to the stars, as regards actual position in 
space. 

One thinks naturally of the shift of position of the human 
observer due to the rotation and revolution of the earth. But 
in the larger view these changes are relatively insignificant. The 
earth-spin carries the observer round and round in a circle of 
4000 miles radius. The revolution of the earth carries us round 
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the sun in a circle of nearly 93,000,000 miles radius, obviously 
the widest base line we can use in testing the parallax of a star 
by the trigonometric method. 

But now reflect that the earth, along with the sun, goes for- 
ward in a direct line (or conceivably along the arc of an enormous 
circle) by 367,000,000 miles in a year (about 12 miles per sec- 
ond), and that this shift is added to by a like amount each 
succeeding year. 

If, then, we consider observations made back in the old Alex- 
andrian dajfs by Hipparchus and compare them with observations 
made in our own time, we have records of the star-maps made 
from two points of view that differ by 367,000,000 times the 
number of intervening years. 

The shift of a single year is the equivalent of almost twice 
the diameter of the earth’s orbit. The seeming backward drift 
of a star that lies near enough to show parallax must therefore 
be about twice the amount of the parallax. In ten years, this 
backward drift, or “proper motion” of the star would be twenty 
times its parallax; in a hundred years, two hundred times the 
parallax. 

This being clear, we understand why proper motion was dis- 
covered long before parallax could be measured, and why the 
comparison of present-day observation with star-charts, not 
merely of Hipparchus, but of Bayer, Tycho, Flamsteed, Bradley, 
and even much more recent observers, gives records of proper 
motions by thousands. 

It is the collation of this almost inexhaustible material that 
has given the modern cosmologist such insight into the move- 
ments of the stars as could not otherwise be attainable. 

Primarily these observations refer to the apparent movement 
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of stars, independent of their actual motion. But it is obvious 
that the actual motion of the stars may complicate the back- 
ward drift, and that comparative data may enable the observer 
to separate one motion from the other. Then the spectroscopist 
steps in to test the line-of-sight motion of the star. 

A combination of the two sets of observations reveals, finally, 
the actual movement of the star in three-dimensional space. 

Collation of such records has revealed that, by and large, the 
stars are arranged in great groups or clusters, moving through 
space in various directions, like flocks of birds, or swarms of bees. 

The great Dutch astronomer Kapteyn made laborious micro- 
scopic measurements of the location of about a quarter of a 
million stars on numberless photographic plates, and was thereby 
led to discover that two great star-streams, comprising not less 
than half a million members, including most of the brighter stars, 
have met and mingled like counter-currents in the region of 
space in which the solar system at present happens to be. 

An Englishman, H. C. Plummer, made the same discovery 
through independent observation almost simultaneously. 

These vast star-streams are moving in nearly opposite direc- 
tions in the plane of the Milky Way. But they do not include 
the stars of the Milky Way itsdf. The myriad clusters that make 
up that galaxy lie far out beyond the star-streams. So distant 
are they that they show neither proper motion nor parallax nor 
actual motion. For the most part they are too faint to be tested 
accurately with the spectroscope. 

The actual forms of the streams or clusters into which they 
appear to be grouped are as yet only matters for conjecture. 
Their average distance is roughly computed at a neighborly three 
thousand light-years or so. Even at that, if they had been blotted 
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out of existence in the days of the mightiest Pharaohs of Egypt, 
they would still shine for us just as they do. 

If we view the galaxy of stars from yet another standpoint, Neigh- 
asking what has been revealed as to the ultimate structure of the 
cosmic mechanism, we learn that a combination of methods, in stars 
the hands of many observers, has given some extraordinary 
glimpses into the arrangement of at least those portions of the 
imiverse that lie somewhat within our neighborhood. 

Considering first our immediate environment in space, it ap- 
pears that our sun, with its inconsequential planetary attendants, 
is one of a company of seventeen stars making up a rather com- 
pact cluster about ninety-five billion miles in diameter, — roughly 
one million times the earth’s distance from the sun. Seven of 
these stars are doubles. Five of them are brighter than the sun; 
yet all are comparatively dim, the brightest being only forty-eight 
times brighter than the sun; whereas there are more distant stars 
in the sky that are ten thousand times more brilliant. 

Going out beyond the confines of our immediate star cluster, 
we find various interesting groups at what might be called— 
gauging our mind to stellar magnitudes— moderate distances. 

There is, for example, a neighborly cluster of forty stars in the 
constellation Taurus, between the Pleiades and the bright ydlow 
star Aldebaran, that Professor Lewis Boss, of Albany, watched 
with tireless assiduity for many years, using the proper motions 
alone, and not tte spectrographic method. By laborious calcxda- 
tions he removed one source of error after another, until finally 
he could assure us that the stars of the Taurus cluster are mov- 
ing through space together in parallel lines at uniform speed, like 
a fiock of birds. 

They are 120 light-years (800 million million miles) away; 
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but they passed us at half that distance about 8,000 centuries 
ago — observed, perhaps, but not recorded by star-gazers of the 
Rough Stone Age, 

Then there is a cluster of seventeen hdium stars in Perseus; 
and another cluster of thirteen stars in the Great Bear, which 
seem to lie in about the same plane,— each cluster pursuing its 
own independent way, apparently quite unaffected by other stars 
that may chance to have wandered into the same territory. 

As to the Great Bear cluster, it is rather surprising to learn 
that of the seven conspicuous stars forming the “big dipper,” 
five are moving uniformly in one direction and the other two 
with equal uniformity in quite another direction. 

The familiar figure of the “big dipper” is therefore in part an 
optical illusion which will not maintain its shape throughout 
future ages. 

In due course the “pointers,” for example, will cease to point 
to the pole star. But the pole itself is shifting as our little globe 
wabbles through space, so this does not greatly matter. Some 
12,000 years from now Vega will be the pole star, and no point- 
ers will be needed to indicate that brilliant object. 

At far greater distances in space there are groups of stars of 
the Orion or helium type, which have a characteristic spectriun 
suggestive of a recent origin. These are sometimes grouped into 
luminous clouds like the Pleiades and the diffused nebulosity in 
Orion. 

Some of these stars have enormous absolute brilliancy, Rigel 
in Orion, for example, shines at first magnitude. Were it no 
brighter than our sim it would appear only as a telescopic star 
of tenth magnitude. 
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We have just spoken of the d az zli ng brightness of some stars 
in comparison with our own particular star. 

It must be explained, however, that brightness is not to be 
confused with actual mass. There is a rather definite, and for 
the astronomer highly useful, relation between volume and 
brightness, but a star of enormous size may be so tenuous in 
structure that its actual mass is no greater than that of a star 
of only a fraction its diameter. 

This is obvious enough, but few astronomers, perhaps, sus- 
pected how entirely fallacious the test of size is in estimating the 
mass of a star until Professor Eddington made a computation 
in which, for graphic effect, he postulated a series of gaseous 
spheres, the first containing ten grams, the second one hundred 
grams, the third one thousand grams, and so on. 

Number r weighs as much as a letter, number s as much as 
a man, number lo as much as an ocean liner. 

Nothing startling so far. But now, going up the scale, to reach 
numbers 30 and beyond, comes the surprise. For it appears that 
all the stars whose masses are known lie between numbers 33 
and 35 of the scale. And nearly all lie between numbers 33 and 34. 

Eddington’s calculations show that, until we come to sphere 
33, light-pressure is nearly negligible compared to gas expansion; 
and after we reach sphere 35, gas expansion is nearly negligible 
compared to light-pressure. 

At this point, then, in Eddington’s picturesque phrase, we 
should expect “something to happen.” And “what happens is the 
stars.” 

Masses smaller than number 33 do not grow hot enough to 
shine. Masses larger than number 35 are too unstable because 
radiation pressure bursts them asunder. 
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Sphere 33 is of half the mass of the sun, and sphere 35 has 
fifty times the sun’s mass. 

In general terms, then, it may be said that a star whose mass 
is one-tenth that of the sun would never become a self-luminous 
body, though it might exist as a dark star, while a mass one 
hundred times that of the sun either could not form at all, or 
would be broken up because the disruptive forces due to the high 
temperatures developed would exceed its gravitational force. 

Baby The astonishing tentative conclusion is, then, that luminous 

OisLUts 

and stars are limited in mass to a range of from about one-tenth the 

Dwarfs mags of our sun to one hundred times that mass. 

It is pointed out that this theoretical calculation is sustained 
by the observation that the star of least mass known (at the 
moment) is, according to Aitken, of a mass one-fifth that of the 
sun, while the star of greatest mass is a double, with components 
approximately 86 and 72 times the sun’s mass. 

The smallest star in question is the companion of Krueger 60. 

The heaviest star is known as B. D. plus 6°i309. It may be 
more popularly described as Plaskett’s star, having been discov- 
ered in 1922 by Professor J. S. Plaskett, of the Dominion 
Observatory. 

Mr. Otto Struve’s particular star, discovered in 1927, appears 
to be a quadruplet, with aggregate mass calculated as 950 times 
that of the sun. If confirmed, the mass of this star contradicts 
the Eddington calculation — or represents an exceptional depar- 
ture from precedent. 

Even so it appears that the words “giant” and “dwarf” apply 
to stars only in a relative sense. There is no such discrepancy 
in actual size of stars as there is in apparent size. 
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Of normal stars as of normal human beings, it might be said 
that all are of an “average” size. 

Moreover, the greatest discrepancy between the smallest and 
largest stars (as hitherto computed) is no more than that be- 
tween human beings at different stages of their career. There is 
this difference, however, that baby stars bulk large, while old 
stars are small. Giant stars are young and dwarfs are old. The 
giants make a brilliant appearance, but they are really great 
clouds of gas. 

Now we begin to understand how it is that the brilliant Sirius Young 

. Stars 

gives 10,000 times more light than its dwarf companion, and yet 

is really only three times as heavy as the dwarf. Slowly 

We have an inkling as to why stars of the same tj^pe — that 
is to say, the same age — ^tend to be grouped in the sky in great 
scattered clusters. 

We can picture a time when each such cluster was a vast 
cloud of primordial gas, its portions being first drawn together 
by gravitation, and then, heated by this process, scattered by 
radiation into more or less isolated clouds, each of which ulti- 
mately underwent condensation to produce an individual star, 
or smaller group of stars. 

We even have an inkling as to why, on the average, young stars 
are drifting through the universe at relatively slow speed, as 
compared with old stars — ^why, in a word, star speeds are pro- 
gressively more rapid in the successive classes from 0 and B 
through the descending scale A, F, G, K, to M. 

Campbell and Moore, for example, found the average radial 
velocity of the B (young, hot) stars they examined to be 8.7 
kilometers per second, while the M stars moved almost twice 
as fast — 16.1 kilometers per second. 
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Correspondingly Boss, by observation of proper motions, 
found class B stars moving 2.8 seconds of arc per century while 
M stars move 5.0 seconds per century. 

Path summarizes these facts with the statement that; The 
more massive stars have smaller velocities than the less massive. 
He adds, with true scientific caution, that we need additional 
facts before we shall have an adequate explanation. 

Abandoning caution one might suggest (as, indeed, was sug- 
gested in an earlier chapter) that the big young stars are nearer 
the stage when their substance was part of a vast cosmic cloud 
in which gravitation tending to pull the substance together and 
radiation tending to separate it oscillated and, as it were, fought 
for mastery. The old stars evidence that the battle was finally 
won by gravitation, which subsequently was to drive the stars, 
age after age, faster and faster in their fall toward some gravita- 
tional center of the universe, or in a comet-like circuit about 
such a hypothetical center. 

But this of course is purely conjectural. 

Explanations aside, however, the facts of star-movement and 
star-clustering, accumulated through the joint endeavors of scores 
of modem observers, enable the more imaginative astronomers 
of our day to conceive at least in vague outline the scheme of 
the galactic system and of what they believe to be outlying 
portions of the universe. 

The schemes of no two theorists precisely agree, yet there 
is basic uniformity in the conception of the watch-shaped galactic 
system, with the great body of the stars circling about its 
circumference. 

Stromberg emphasizes the existence of a “preferential way” 
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(somewhat along the plane of this system) through which great 
flocks of stars tend to migrate. 

Easton sees in the galactic system a giant spiral nebula, with 
the center of the spiral somewhere in the direction of the constel- 
lation Cygnus. 

In this view, our galaxy is one of the system of spiral nebulae, 
rivaled in size perhaps only (in Shapley’s view) by the com- 
panion “super-galaxy” Coma-Virgo — ^the other spirals being, to 
these, as islands to continents. 

The “other spirals” in question are distributed (as we have 
seen) to the number of 100,000 or ten times that, about the poles 
of our galactic system. That is to say, they occupy the relatively 
starless spaces at right angles to the plane of the Milky Way. 

Dr. H. D. Curtis, as cited by Dr. Abbot in his book “The 
Earth and the Stars,” presents an attractive diagram (here re- 
produced) of this scheme of the great spiral of the Milky Way, 
which we call the stellar tmiverse, and these telescopic spirals 
which have come to be spoken of as “island imiverses.” 

The same conception is represented in pictorial diagram by 
a lens-shaped group of stars long familiar. 

In November, 1929, Professor Harlow Shapley presented be- 
fore the American Academy of Science an outline of perhaps shapiey 
the most comprehensive interpretation of the cosmic scheme trniveise 
hitherto attempted. 

Professor Shapley estimates the diameter of our watch-shaped 
galaxy at about 300,000 light-years; with thickness at about 
10,000 light-years. 

He brings the objects of the entire universe into a serial scale, 
ranging from the world of the almost infinitely little to the world 
of the almost infinitely great. 
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THE FACTOR OF SPACE DISTRIBUTION 
loojooo =•= Spiral Nebulae 
Distance unknown 


The Milky Way and stellar universe 
is believed to be roughly lens-shaped and 
about 3,000 by 30,000 or more light-years in extent. In 
this space occur nearly all the stars, nearly all the diffuse neb- 
ulosities, nearly all the planetary nebulae, nearly 
all new stars, nearly all clusters, nearly 
all the valuable stars, etc., but 
NO SPIRAL NEBULAE 


100,000 Spiral Nebulae 
Distance unknown 

This graphic presentation of the universe-plan is credited to Dr. H. D. 
Curtis by Dr. C. G. Abbot, from whose book “The Earth and the Stars” 
it is here transcribed. A footnote states that “Hubble has since proved 
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that several spirals are about a million light-years away.” The word 
“proved” is perhaps incautious. 

At zero, as a starting point in either direction, he places the 
satellite system, of which our own earth-moon system is a type. 

Grading downward, he ranges from meteoritic associations 
(comets, meteor streams, diffused nebulae) through microscopic 
molecular aggregates to atoms and corpuscles. 

Ranging upward successively are planetary structures (stars 
to ringed nebulae), double and multiple stars, galactic clusters, 
globular clusters, star clouds, galaxies, super-galaxies (here our 
home galaxy) groups of super-galaxies, the “cosmoplasma” (cos- 
mic meteors, diffused nebulosity, radiation), and the imiverse 
(the “space-time complex”) as a whole. 

That no one may suppose he thinks discovery at an end. Pro- 
fessor Shapley leaves a numbered blank space at each end of 
the series, to be filled in by investigators of the future. 

Professor Shapley of course illustrates his system with a wealth 
of documentation. 

Here it suffices to give the outline, and to note that a place is 
provided for every type of sidereal structure hitherto observed. 
A particularity of the scheme is the introduction of super-galaxies, 
of which the home galaxy is one; and of “groups of super- 
galaxies,” which include double groups and complex assemblages. 

Here, then, we have what might be called a documented and 
scientific elaboration of a scheme of minor and major systems of 
star groupings of which the genius of Johann Lambert had 
premonitory vision at the middle of the i8th century. 

The system of the Milky Way, a flattened cylinder or spheroid; 
systems of higher order (our earth belonging “by a chain of 
gradations, to several s 3 rstems, and at last to the system of the 
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universe”); the Milky Way, comprehending several sysitems 
of fixed stars, each system with its own center; the “assem- 
blages” — all these are adumbrated in the cosmologic dream of 
the contemporary of Wright and Kant, each of whom (it may 
be added) entertained not dissimilar dreams. 

The difference is that the older cosmologists were groping in 
the dark, jumping to conclusions, drawing inferences from casual 
inspection of the stellar picture that could rank only as dreams 
— ^however dose to inspiration. 

But the modern cosmologist, elaborating these dreams of his 
forebears of the elder day, documents them, fortifies the specu- 
lations by an almost bewildering array of evidence garnered by 
new instrumental means — so that what was aforetime almost 
fantastic speculation becomes in our day secure (though of course 
still provisional) sdentific hypothesis. 

In a word, the old cosmology was a vague fantasy, the new 
cosmology is a structure dearly depicted as to its major outlines. 
TheUlti- But the new cosmology has nothing convindng to say about 
mte Plan ultimate plan of the structure whose details of movement are 
Revealed revealed on so large a scale. 

Whether, as Lambert conceived, there is a common center 
about which all the bodies of the universe revolve — or, better 
said, aU the universes — ^remains for the cosmologist of the future 
to determine. 

The most penetrative vision of today shows us innumerable 
S3^tems of celestial bodies moving this way and that. But so far 
as the evidence goes there is no determinate coordination between 
these movements. 

The spectroscope seems to show that the spiral nebulae — 
those outl3dng “island universes”— are for the most part rushing 
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off into space away from our galactic system, at speeds ranging 
from a few hundred to perhaps two thousand miles per second. 

The evidence may not be altogether conclusive, but such as 
it is it suggests, not a universe being coordinated, but one being 
dissipated. 

In a word, the modern Cosmos has not passed beyond the 
stage of Chaos. 

In a later chapter, we shall have occasion to inspect this 
chaotic cosmos from a new angle. 

We shall see that it is possible at least to raise the question 
as to whether the interpretation put upon the seeming isolation 
of the alleged island universes, and the almost equal isolation of 
some other nebulae and star clusters, is of necessity valid. 

We shall see that it may be questioned whether the telescopes 
of the astronomer can extend his vision by any possibility be- 
yond the confines of the particular system which we call our 
universe; whether, in short, these ^^islands” are not necessarily 
smaller than our ^^continent’^ because they are a part of it. 

The enigma implied will be explained in due course. 

Meantime the orthodox view of the new heavens is that which 
has just been summarized. 

For the authoritative leaders of our time, the estimate which 
substitutes '^parsecs'’ or parallaxes for the too-short unit ‘‘light- 
years,” and juggles trillions and quadrillions as confidently as 
ordinary usage deals with hundreds and thousands, represents 
secure actualities of the celestial mechanism — of the new 
heavens. 
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OLD COSMOGONIES AND NEW 

“And God made two great lights; the greater 
light to rule the day, and the lesser light to 
rule the night; he made the stars also. And 
God set them in the firmament of the heaven 
to give light upon the earth.” 

— Genesis I, i6, 17. 

H e MADE the stars also.” Doubtless that is the most concise 
description of a great historical event in all literature. Even 
Caesar’s famous epigram, in the English translation, requires six 
words. Here are only five. Yet the event described, as interpreted 
in the light of modern knowledge, involves the creation of per- 
haps a hundred billion suns, each one the equivalent in bulk of 
hundreds of thousands or even thousands of millions of globes 
like the one on which we live. 

The ancient cosmogonist dismisses this really stupendous feat 
with a dash of the pen, and does not return to it. The five words 
do not even stand as a sentence by themselves; they are only 
the tag end of the sentence that describes the making of the 
“two great lights; the greater light to rule the day, and the lesser 
light to rule the night.” 

Even a casual reader might suspect that the ancient poet did 
not know the true relation of his greater and lesser lights — ^the 
sun and moon — ^to the bodies included in the minor clause of 
that seeming after-thought: “He made the stars also.” 

The modern cosmogonist, enlightened by the telescope, re- 
verses the picture. When he speaks of creation, he thinks first 
in terms of stars, and only incidentally of the minor star called 
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the sun, with the insignificant planet earth, and the negligible 
fleck of residual star-dust called the moon. 

But though the modem cosmogonist thus changes the point of 
view, he does not greatly change the method of the Oriental 
dreamer. He, too, pushes beyond the boundaries of secure knowl- 
edge, and makes himself at home in the field of speculation. 
Indeed, it may fairly be said that much of contemporary astron- 
omy, as judged by the most widely published findings of its 
proponents, is a metaphysico-poetic form of intellectual activity, 
rather than a rigidly inductive science. 

The speculations of some of the leaders seem comparable rather 
to the cosmogonic dreams of the old Oriental poets than to the 
carefully documented hypotheses of the age of the astronomy 
of precision. 

Not three years of patient observation through a telescope such 
as Bessel gave to determining the parallax of 6i Cygni are 
requisite to establish a new thesis, but perhaps as many hours 
in the study, brooding over the figures of a laboratory worker 
who has measured star positions or relative luminosities on a 
photographic plate. 

Yet the results are many times alluring. For the popular mind, 
these cosmogonic dreamings have an appeal that could never 
attach to mere logical inductions from prosaic measurements. 

An Argelander devotes twenty years to testing the meridian 
positions of one star after another until the aggregate tests num- 
ber hundreds of thousands. And when he has finished he has 
produced — a star-chart, showing the positions of a vast number 
of stellar bodies. 

And this, for the average layman, has about the same interest 


No Longer 
the 

Astron- 
omy of 
Precision 
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as a chart showing the location of a few thousands or hundreds 
of thousands of individual daisies in a meadow. 

But the output of the laboratory dreamer is a product not of 
observation, but of imagination. It deals not with mere statistics 
of stars, but with the nature, the origin, the destinies of stars. 
And that brings at least into penumbra! view the still more in- 
timate questions of the nature, the origin, and the destiny of 
our own sun, of the earth on which we live, and by implication 
of man himself. 

Hraice the appeal of the type of poetic dreaming of the old 
Babylonian cosmogonists and of contemporary cosmogonists 
alike. 

As we recalled the former at the beginning of this chapter, 
let us now turn to the very different but no less fascinating specu- 
lations of their twentieth century heritors. 

ASyn^io- It goes without saying that these up-to-date cosmogonic 
guesses have for foundation the entire structure of modem as- 
tronomical knowledge. They are put forward by way of interpre- 
tation of the observed phenomena of the celestial mechanism 
as recorded by full equipment of observatory and physical lab- 
oratory; and elaborated with the aid of mathematical equip- 
ment of the Einsteinian epoch. 

It follows that the new cosmogony does not represent the 
speculations of any one man, but rather the symposia! specula- 
tions of a whole coterie of astronomers. Yet, of course, certain 
spokesmen are the centers of attention — ^modern poets whose 
native medium is the mathematical formula, yet who also have 
the gift of tongues. 

Among present day cosmogonists, none has envisaged the new 
cosmos more comprdiensively than the distinguished mathe- 
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maticiaa, Sir James Jeans. How does he conceive the cosmic Genesis 

> According 

mechanism to have come into being; and what horoscope does to Jeans 

he cast for its future? 

Let us see. 

At the outset, you must understand that Sir James, in common 
with many of his confrkes, wOl tell you the formula that rep- 
resents the relation between matter and energy, with the same 
manner of certitude with which he would speak of the mec h a ni cal 
equivalent of heat. 

This is the contemporary view. You may find our own Doctors 
Mitchell and Abbot in a recent book saying that “matter seems 
to be a passive form of energy.” 

Or you may listen in a sort of dazed wonderment while Prof. 
Eddington says, quite casually: 

“The stars lose mass by their radiation; there is no question 
about that. The sun is losing 120 billion tons [m England a 
billion means a million million] annually, whether its radiation 
comes from annihilation of matter or any other internal source.” 

That the source actually is annihilation of matter has been the 
favorite thesis of Sir James Jeans since he first put it forward 
as long ago as 1904,— one year before a theory of Einstein pro- 
vided the means for calculating the amount of energy which 
would be produced by the annihilation of a given amount of 
matter. 

Sir James spoke of “positive and negative electric charges 
rushing together, annihilating one another and setting their energy 
loose in space as radiation.” 

ITie formula of Einstein showed that energy is set free at the 
rate of 9 x 10“ ergs (that is, 900,000,000,000,000,000,000 ergs) 
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per gramme, regardless of the nature or condition of the sub- 
stance which is annihilated. 

As has been said, this thesis of the transmutability of matter 
into energy is an accepted doctrine of the mathematical astrono- 
mers of our times. 

At al event, it is the basis of the calculations through which 
Sir James Jeans goes on to estimate the age of stars; to calcu- 
late the length of time since the stellar universe came into exis- 
tence; similarly to calculate the probable future life-period of 
stars that have now reached the dwarf stage; and in general to 
exposit a doctrine of cosmogony, linked with the theories of stellar 
evolution that we have recently considered, which may be said 
to be the most comprehensive theory of the origin and destiny 
of the new heavens and the new earth that has hitherto been 
presented. 

It is a thesis that harks back to Lockyer with his exposition 
of the dissociation of atoms, and the growth and decay of stars; 
in some of its features it follows closely the conception of Cham- 
berlin and Moulton as to the origin of planetary systems; it is 
clearly reminiscent of the nebular hypothesis of Kant and Laplace 
as to its initial features. But as a whole it stands as an individual 
interpretation which we may summarize as representing the best 
cosmogonic guess that our generation can present for comparison 
with the cosmogonic guesses of tradition. 

In the Stated in the fewest words that will make it clearly intelligible. 
Beginning the new Scheme of Creation is this: 

In the beginning, a vast rarefied nebula — “formless and void,” 
if you care to hold to an old familiar phrasing. 

Self-luminous as well, by virtue of the activities of its protons 
and electrons — wherefore there was li^t throughout the uni- 
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verse, though as yet there was neither sun nor moon, nor stars; 
quite as in that famous cosmogony of the Orient recorded in 
the first chapter of Genesis, where we read that light was created 
on the first day; and sun, moon and stars not until the fourth day. 

But beyond that, the comparison no longer holds. The new 
cosmogony, except as to the mystery that enshrouds the very 
beginning of things, is in nowise reminiscent of the old. 

The next stage of development is, however, reminiscent of 
Laplace, inasmuch as portions of the nebula begin to be segre- 
gated, under influence of gravitation, to become nascent stars. To 
show the extreme tenuity of the matter of the primal nebula, 
Jeans says; 

“The small amount of gas in an ordinary electric light bulb, 
if spread out through St. Paul’s Cathedral, would still be some- 
thing like 10,000 times as dense as the nucleus of a spiral 
nebula.” 

(It will be understood, of course, that this interpretation of 
the nucleus of the spiral nebulae is purely speculative. No one 
knows for certain that these nuclei may not be as dense as a 
white dwarf star. Indeed, the results of spectroscopic tests which 
ascribe incredible speeds of retiring flights of these bodies, sug- 
gest that they may be far more dense than the dwarf-star — 
which, it will be recalled, has a ton of substance to the cubic 
inch. But to urge that point would be to substitute one specula- 
tion for another. Let us continue.) 

As gravitation acts, pulling the particles of the new star closer 
together, while energy is radiated out in enormous quantities, 
representing corresponding destruction of mass of the star, the 
body necessarily shrinks, though growing progressively hotter 
quite as Lockyer and Russell conceived; until a point of equilib- 
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rium is reached, beyond which the star, still shrinking, becomes 
progressively cooler as well as smaller, passing on to an ultimate 
stage of complete exhaustion. 

Some aggregations of the matter thus imdergoing evolution 
may take on rotation, and assume the form of spiral nebulae. 
Double stars are also accounted for. 

Other nebulae will remain spherical till they grow old and cold 
and solid, without ever becoming the parents of star systems. 

But in the scheme of development as thus far outlined, Jeans 
sees no place for the production of a solar system. 

Yet at least one planetary system exists — as we know well, 
because we live on one of its minor members. 

Probably there are many others in the universe, although there 
is as yet no direct evidence of their existence. Our own planetary 
system would be invisible from the nearest star, with instru- 
ments comparable to the best that we have developed, except that 
Jupiter might ^pear as the faintest possible companion of the 
sun and separated from his moderately brilliant point of light 
by the narrowest interval. 

It could not be expected, therefore, that we should know of 
similar planetary s3rstems, however abundant they might be in 
the stellar universe. 

But how does the new theory account for the existence of the 
one planetary system of which we are certain? 

Here the new theory is not merely reminiscent, but directively 
imitative. It adopts a suggestion made early in the century by 
Professors Chamberlin and Moulton, who in turn were doubt- 
less led to the conception by consideration of a yet older thesis 
known as Roche’s limit. 

This is a thesis, it will be recalled, put forward in 1850 by 
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the French astronomer Roche, who calculated that if two stellar 
bodies, one larger than the other, were to pass by chance within 
a certain distance of each other; or if a small body were circling 
about a larger one, the smaller body would be disrupted by the 
gravitational pull if its orbit fell within 2.45 times the radius of 
the larger body. 

In case the small body was of lower density than the larger, 
the aitical distance is correspondingly increased. 

Chamberlin and Moulton conceived that if two large bodies 
chance to hurtle near each other, not quite within Roche’s limit, 
their mutual tidal influence might suck out an equatorial mass 
of matter, which would take on the characteristics of the arms 
of a spiral nebula. The spiral nebula thus developed became 
in the Chamberlin-Moulton view, the parent of future planetary 
systems. 

Jeans, as we have seen, explains the spiral nebulae without The Rings 
resort to such mutual influence, but he notes that the statistics 
of our planetary system, with reference to the relations between 
the planets and their moons, appear to confirm Roche’s mathe- 
matical analysis. 

He shows that all the prominent satellites lie well beyond the 
danger-limit; but notes that the mner rmg of Saturn lies within 
that limit. 

This suggests to him the correctness of the theory that 
Saturn’s rings are the broken up fragments of a former satellite 
which ventured within the danger zone. He accepts, too, the 
theory that our own moon is destined in time to contract its 
orbit until it finally is drawn within Roche’s limit, and broken 
into fragments. 
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After that, he says, the earth will have no moon but will be 
surrounded by rings like Saturn. 

Looking back, he conceives that the substance of the sun, 
which now forms our planet, was originally tidal matter that 
was drawn out by the influence of another passing star, quite 
as Chamberlin and Moulton postulated. 

Incidentally, shooting-stars are fragments of comets that were 
broken up because they chanced to pass the sim within Roche’s 
limit— in accord with Dr. Gibers’ famous theory. 

In all this there is nothing novel. But as we stop to consider 
more in detail the condition of the sun itself, and of the various 
suns that make up the galactic system, there is opportunity for 
application of the new thesis of the transmutability of matter 
into energy, accompanied by startling calculations as to the time 
involved in the evolutionary processes, and an interesting fore- 
cast of future developments. 

7,000,000,- We need not go into details. It suffices to note that estimates 
based on the observed rate of radiation of stellar bodies (with 
“Con- Einstein’s formula to give interpretation in terms of annihilated 
matter) give 200 million million years as the upper limit of age 
for the present matter of the universe. 

The age of our own sun is of the order of 7 million million 
years — a figure which has come to be spoken of as “a convenient 
cosmogonic unit of time.” 

If the sun is to devolve into a red dwarf of not one quarter 
of its present mass, no less than ei^ty cosmogonic units of time 
will be required for the process. 

It gives one a feeling of unhurriedness to contemplate such 
figures. 

Of their actual meaning, of course, the min d has no compre- 
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hension. At least they make strange contrast, however, with the 
slightly less than 6,000 years that represent the present age of 
the world according to Archbishop Usher’s famous interpreta- 
tion of the poetic record of the old cosmogony. (See the Bible 
margins of all but recent editions.) 

More interesting than the matter of time, however, is the ques- 
tion of ultimate destiny. Why a question to be settled billions 
of years in the future should be of interest, it might be hard to 
say. Yet it would be considered a very defective scheme of cos- 
mogony that failed to consider the question. Sir James does not 
evade that problem. 

His answer is emphatic and unequivocal; The destiny of the 
universe as a whole is the destiny of the matter that composes 
it— -annihilation. Matter is transformed into energy, but energy 
is not transformed back into matter. And as the energy passes 
out into space, never to return, the universe is in the position of 
a machine that is running down and must ultimatdy stop. 
Destruction stares it in the face. 

Here at the end the' modem thesis might be said to be in 
accord with ancient prophecies, in which the destruction of the 
world so frequently figures. 

On the other hand, we must recall that some of the miciHit 
prophets, in foretelling the destruction of the old heavens and 
the old earth, foretold the coming of the new heavens and the 
new earth. 

Theirs was a prophecy not of annihilation, but of destruction 
followed by rejuvenation. 

It remains to be said that there are cosmogonic dreamers of 
today who would take issue with Sir James Jeans’ conclusion. 
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aligning themselves — doubtless as to this matter only — rather 

with the ancient prophet than with the contemporary one. 

Very briefly, we must note the foundations of this divergent 
speculation. 


XXXV 

the MIEROEED universe — AN ASTRONOMIC FANTASY 

Hast thou with him spread out the sky, 
which is strong, and as a molten looking glass? 

— Oriental Anthology. 

T TTFmi: are two quite different lines of speculation according 
to either of which it may be possible that the universe is 
not facing annihilation, but is, on the other hand, a self -perpetual* 
ing mechanism. 

The first is based on a suggestion of one of the greatest prac- 
tical and speculative physicists of the 19th century, Lord Kelvin. 

The other is an inference from one of the later assumptions 
of the hypothesis of Relativity. 

According to either conception, the energy which passes 
through space may not be really lost to the imiverse, but con- 
served perpetrmlly, and perhaps utilized — though that is no nec- 
essary part of either thesis — for the re-creation of the primordial 
substances, protons and electrons, that are the basis of the matter 
of which the present universe is constructed. 
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The thesis of Kelvin was put forward not as a scientific in- 
duction, but as a cosmologic dream. This makes it none the less 
available for our present purpose. 

The suggestion was merely this: For aught we know to the 
contrary, the universe in which we find ourselves may not be of 
unlimited extent. In particular, the hypothetical ether (which 
to that generation seemed to have as secure position as, let us 
say, relativity and the quantum hypotheses have for a large 
number of Kelvin’s present-day successors) may come at the 
confines of our universe to a limiting surface, of whatever shape 
you may care to surmise, beyond which there is a medium of 
different character. 

Should such be the case, we have every reason, from analogy, 
to suppose that the ether waves which we call radiant energy 
(quantum-shafts, if you prefer a newer terminology) will be 
reflected when they come to the new medium, somewhat as the 
same energy-carriers are reflected when in the comrse of their 
passage through air they come to a surface of an ordinary mirror.' 

In that event, the world-supply of energy, which on any other 
supposition hitherto presented seems to be largely rushing out 
in straight lines into space to pass beyond the confines of the 
universe forever, may in reality be confined within our portion 
of the universe, reflected back and forth in vast zig-zags across 
the galactic system (unless they chance to be intercepted by 
some stellar body or other medium) but forever confined to our 
world-system, by an impenetrable universe-shell. 

Such a conception is alluring. It becomes the more alluring 
the more it is considered. 

But before we glance at some of its implications, let us advance 
half a century in time to the other imaginative physicist, Ein* 
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Stein, and consider one aspect of his theory of Relativity that 
singularly parallels the conception of a circumscribed universe 
just outlined, though reasoned from a quite different standpoint. 

The particular aspect of that doctrine here in question is that 
which conceives that space itself is curved — curved in arcs that 
vary with the proximity of masses of matter, and with the total 
mass of matter. But curved so effectively, on the whole, that 
ether-waves (if you wish) or quantum-shafts of energy (if you 
prefer) pass through space in channels that in the long run 
prove to be curves, unless in an absolutely vacant universe. 

The net result is, that the shafts of energy ultimately make 
full-circle, and come back to the place from which they started, 
somewhat as a comet returns to the sun; or as a planet sweeps 
round and round in the same orbit. 

It follows, also, that the universe is of limited extent, in so 
far as it is a universe of matter and energy. 

The circles of energy are not infinite in size, for there is 
matter in the universe. 

In a word, we here encounter again the circumscribed — if you 
choose shell-bound — ^universe, criss-crossed and cob-webbed by 
fl)nng shafts of energy, which can never escape from the galaxy 
in which they— and the stars and atoms and man — find 
themselves. 

One recalls the Ptolemaic universe of epicycles. 

Obviously the physically restricted universe of Kelvin and the 
mathematically restricted universe of Einstein are but different 
aspects of the same dream. 

Let us now very briefly outline a few of the implications of 
the weird, fantastic, fascinating conception of a closed universe 
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which thus bottles up inescapably all the radiant energy that 

is ever generated within its confines. 

The most familiar form of radiant energy is what we term A Mir- 
rored 

light. Universe 

With every light-beam there are also associated heat-beams, 
which are merely entities of a different order of etherial wave- 
lengths or different size of quantum-arrow. 



Fro. 99.— Lord Kelvin (1824-1907). (Crow-quilled from a half-tone 
in Williams’ Story of Ninetemth Century Science.) 

If, then, the Kelvin-Einstein concept is valid, all space must 
be shot full of light-beams and heat-beams, criss-crossing past 
the earth (and every other point in the stellar system), not 
merely as direct messengers from every light-giving body (nebula, 
star, comet), but also as reflected and re-reflected in infinite 
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series — precisely as rasrs of light are reflected and re-reflected 
in a closed room with mirrors for walls. 

Perhaps you have seen this effect in an old-fashioned elevator 
with mirrors on three sides, or in a trick-room especially de- 
signed to show the phenomenon. You see your image a thousand 
times repeated in every direction. 

So it would seem that a telescope — or for that matter the 
unaided eye — directed toward the heavens must receive an almost 
infinite series of images each of which appears to be a star — 
even though there were but a single actual star in the mirror- 
walled or curved-space-channeled universe. 

Since we have reason to believe that there are scores, hun- 
dreds, even thousands of stars instead of merely one, the in- 
finitude of images must be proportionately multiplied. Each one 
of the actual stars would appear of a certain brightness as di- 
rectly envisaged, and as a progressive series of light-images of 
diminishing brightness, limited in number only by the limits of 
human vision, natural or aided by the light-gathering telescope. 

Not all the endless series of fainter and fainter images would 
come from a single direction, of course. 

Indeed, the most vivid of them might be expected to come 
from exactly the opposite direction, whether they come by direct 
reflection from the Kelvin mirror or circling throu^ the curved- 
space orbit of Einstein. 

p* As an illustration. Sir James Jeans mentions that it has been 
Nebulaem 

Opposite suggested that a certain pair of nebulae to be seen in one direc- 
Diiections tion of the heavens and a seemingly smaller pair of closdy similar 
nebulae visible in the opposite direction are really the same pair 
of objects— that is to say, one pair of actual nebulae, and their 
Einsteinian image. 
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But to the eye of the telescope, the fainter pair of nebulae 
seem quite as real as the other — ^just as in a good mirror, the 
image of any object has convincing verisimilitude. 

But where does this land us? 

Why, obviously in a sidereal universe that is very largely a 
world, not of realities, but of mirror-pictures. 

Nor would there appear to be any method whereby the ob- 
server can determine — or even clearly surmise — ^among a thou- 
sand or a million or a billion images of stars, what small modicum 
of images represent the actualities. 

The only qualification would seem to be that exceedingly 
bright stars may be presumed to be originals, since reflected 
images grow ever fainter. But even this conclusion cannot be 
accepted quite without reserve; for mi^t not the brightest of 
visible stars, Capella, for instance, be but the reflected image 
of our own sun — ^both of them being recognized as yellow stars 
of class G? 

A surprising thought— yet after all no more surprising than 
many another concept associated with the new doctrine of Rel- 
ativity, and put forward as verity by the devoted disciples of 
Einstein. 

And let us not forget that, even were we to repudiate Einstein, 
there remains the mirror-coated universe of Kelvin to link 
Capella with the sun in quite the same fashion. 

It would follow, of course, that all the other multitudes of DoWcSec 
class G stars may be but secondary, tertiary, and so on images of 
the sun. as Many 

Minor variations of color and constitution (for, as we know, 
each major class of stars is sub-divided) might well be due to 
modifications of light-beanns produced by passage through dif- 
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Reality or 
Image? 
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ferent strata of the vapor doud of matter which, as we shall see 
in a moment, is by recent investigators demonstrated (or nearly 
demonstrated) to be distributed throughout interstdlar space. 

Perhaps it is only a coinddence, but in this connection it is 
worth noting that only about a score of stars are ranked as of 
“first magnitude,” and that the number of major dasses of stars 
(Draper dassification) is curiously coinddent. 

Shall we assume that there may be only one, or at most a few, 
actual stars of each type in existence, and that all the myriads of 
seemingly more distant (because fainter) stars of the same types 
are but Eelvin-Emstein replicas? 

Following up this fantasy, we shall be equally justified, no 
doubt, in assuming that the thousands of spiral nebulae are in 
reality only a handful — even only a single individual. 

Shall we explain the curious similarity of ring nebulae, of 
globular clusters, of Cepheid Variables, of binary systems on the 
same mirage principle? 

Shall we explain the galaxy— the m3Tdad-starred Milky Way 
— ^as due merdy to a chance curve of the reflecting mirror where 
many star-images and few actual stars are dustered? 

Fantastic as such suggestions seem, there is a certain warrant 
for them in the observed locations of various clusters of stars 
and nebulae of individual forms. 

Thus the globular dusters are curiously confined to a single 
quadrant of the heavens, symmetrically arranged on opposite 
sides of the Milky Way— quite as if most of them were reflected 
images sent to our eyes from the great parabolic Kdvin-mirror 
that lies back of the galaxy. 

Then the two famous spectades of the southern hemisphere, 
known as the Magdlanic Clouds, are so placed— at approxi- 
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mately the same Decimation (about 70 degrees) and with about 
sixty degrees difference in Right Ascension — as fairly to invite 
the inference that one is the image of the other. Incidentally, 
the inference here is that the small cloud is the verity, the large 
cloud being the enlarged image sent back by the big parabolic 
speculum. 

The measurements which put the small cloud at 100,000 light- 
years and the large one at 110,000, suggest that the former 
(and only real) nebula is about 5000 light-years from the re- 
flecting surface of the universe-shell, its reflected beams taking 
thus 10,000 light-years longer to get to us than the direct beams. 

The case of the spiral nebulae is perhaps even more striking. 

To the number of somewhere between a hundred thousand and 
a million or more they appear to lie clustered at opposite poles 
of the watch-shaped galactic system— precisely as if there were 
really a score or so of them in actuality, endlessly mirrored and 
re-mirrored by the flattened parabolas of opposite sides of the 
galactic shdl. 

The first reflection would perhaps increase the seeming size 
of the nebula, but images sent back and forth many times before 
the earth interrupted them would be progressively fainter and, 
since the vast preponderance of the seeming thousands would 
be such re-reflected images, the spirals in general would seem 
to be very faint, as is the observed fact. 

If the actual spirals were falling swiftly toward the observer Reversed 
(bound, say, for the gravitation center of the galactic system), 
the reflections would seem to be receding as swiftly. (Make a images 
test for yourself in a mirror, and you will see the point.) 

The fact that the two nearest spirals are registered by the 
spectroscope as approaching at high speed, while nearly all the 
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supposedly remoter ones (in the present view, minor images) 
are rapidly receiingy is interestingly corroborative. 

The excessive speeds credited to the spirals may be due, as 
already suggested, to the extreme density of their nuclei which, 
as in case of the white dwarf companion of Sirius, may cause 
a misleading shift of the Fraunhofer lines toward the red end 
of the spectrum. 

We have already noted that were the companion of Sirius 
isolated in space, its spectrum would indicate movement away 
from the observer at the rate of nineteen miles per second, as 
a purely fictitious element added to whatever actual movement 
the star might have. 

It has been pointed out, too, that no one has decisive evidence 
as to what is the nature of the heart of the spiral nebula. The 
conditions existing there, supplemented perhaps by the effect of 
outlying matter on the rays of light, may shift the Fraunhofer 
lines in a way to be utterly misleading. This explanation, in- 
deed, seems far more plausible than to assume that the spirals 
are nearly all darting away from the galactic system, our universe, 
at speeds of from several hundred to one thousand or even two 
thousand miles per second. (Not that plausibilities are much in 
question in either case. And not that it really matters in the 
least which view, if either, is right.) 

Of course such an interpretation of the line-shift would make 
necessary a revision of records of star movements hitherto con- 
sidered valid. A new element of star density must, in this view, 
be considered in future computations, and in checking the old 
ones — somewhat as it was necessary to re-compute the positions 
of stars, and readjust star-charts when, back in the i8ih century, 
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Halley discovered proper motion, and Bradley discovered 
aberration. 

But this is an aside — ^though by no means of negligible interest. 

(Note, please, that I say “interest,^’ not “importance.”) 

Viewing the same phenomena from a slightly different angle, Are star 
it is obvious that the conception of a mirrored universe intro- 
duces an ^together disconcerting thought about the inconceivably 
vast stellar distances of which the modern astronomers speak so 
casually— with basis of “light-years” and “parsecs.” 

If images are really mirrored — either by the Kelvin or the 
Einstein route — then it would appear that these distances are 
largely figments of the imagination. 

Not that we can doubt that stellar distances are vast— ten 
light-years, if you will, or a hundred— but that measurements 
that take account of “100,000 light-years” or 100,000,000 (based 
as they are largely on the faintness of image of the object 
photographed) may represent measurement of countless zig-zag 
spannings of the universe by light-beams whose sister light-beams 
from the same source may come directly to us in a hundredth 
or a thousandth part of the time consumed by the detourant. 

These are weird suggestions. But not unmeaning. If we accept 
the cogency of Lord Kelvin’s suggestion, or— with a large group 
of the greatest mathematicians of our day— hold to the unassail- 
ability of the Einsteinian conception, there would seem to be no 
escape from envisagement of the mirrored universe as at least 
a semblance to be reckoned with until it can be proved a phantom. 

I have had in mind mostly the Kelvin shell rather than the 

Closing 

curved space of Einstein— chiefly because the former seems to in<m 
me less unplausible. But now a further word about the Einstein 
universe. 
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Sir James Jeans remarks that if we should ever see the world 
at the other end of the curved space in which light travels out 
from it, we shall see it as it was 500 million years ago. 

But that is on the assumption that there is really (relatively) 
little matter in the universe. Now the trend of present investiga- 
tion is to show (as will presently be noted more in detail) that 
there is matter everywhere in what was formerly thought of as 
empty space. Suppose we should find that there is really 5000 
million times as much of this as had been estimated. Then the 
curved space of Einstein will, by hypothesis, curve in on itself 
in enormously contracted circles. 

Let Professor Eddington tell the result. He is speaking of 
what Betelgeuse would be like if that great star were of the 
same mean density as our sun. It would then have, he tells us, 
these remarkable properties: 

“First, owing to the great intensity of its gravitation, light 
would be unable to escape; and any rays shot out would fall 
back again to the star by their own weight. 

“Secondly, the Einstein shift (used to test the density of the 
Companion of Sirius) would be so great that the spectrum would 
be shifted out of existence. 

“Thirdly, mass produces a curvature of space, and in this case 
the curvature would be so great that space would close up round 
the star, leaving us outside— that is to say, nowhere.’* 

Seuog This is the sober interpretation of one of the great champions 
of Relativity. 

Backward We may take it, then, as authoritative, that if there really 
should prove to be a vastly greater volume of matter in the 
galactic system than had been supposed, the rays of li^t will 
bend (in the view of the Einsteinian) so as to return to the 
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earth, not merely in 500 million years, but in a fraction of that 
time consonant with the amount of the matter hitherto not 
reckoned with. 

Perhaps, then, the rays of light might bend back to us so 
that they would bring a record of earth-happenings not more 
than a few thousand, or tens of thousands, of years ago. 

We are told that a 200-inch telescope is projected. Conceiva- 
bly this might give us glimpses of wonders hitherto undreamed 
of — stranger sights even than those the spectroscope revealed. 

Let us nurse that thought for a moment, along Einsteinian 
lines. 

In three hundred years we have advanced from the two inch 
lens of Galfleo to the projected 200-inch mirror — a hundred-fold 
increase. By the year 2200, then, should our successors advance 
in like proportion, there may be 10,000-inch mirrors that will 
show the past history of the earth year by year since living 
creatures first evolved. 

After all, such a speculation is in keeping with the spirit of 
our Einsteinian age. 

Let us not hesitate to go farther along similar lines. There isEneisr 
is another aspect of our main thesis, and indeed by far the most 
important aspect, yet to be considered, with reference to the Univcisc? 
Kelvin-Einstein concept of reflected or circling shafts of energy 
within a closed-system universe. 

This is the salient question of the accumulation of energy 
within the galactic S3rstem— energy which, on the old assumption, 
passed off in straight lines into unknown regions beyond the 
universe. 

Here is the import of the problem. All incandescent stellar 
bodies, from the giant Betelgeuse to the dwarf Companion of 
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Sirius, are giving off incessantly incomprehensively vast quanti- 
ties of energy — ^representing, according to the modern conception, 
the transmuted substance of their bodies. 

For trillions of years, according to Jeans’ estimate, this flood- 
ing of space with energy has gone on without cessation. 

Since all this energy is, on the present hypothesis, still present 
in the universe, why does not the whole firmament glow with 
light, as brilliant by night as the sunlight is by day? Why is 
there any limit to the number of images of the stars? Billions 
of such images there are, to the eye of the telescope, but why 
not billions of billions of billions? 

It is estimated that if all the points of light of all the stars 
were brought together, as they appear to telescopic view, they 
would not cover a space as large as the apparent surface of the 
sun. This is a strange limitation, if there be no limit to the 
munber of times that a star-beam may be reflected back and 
forth from the confines of the Kelvin-universe or circled about 
the structure of the Einstein corridors of curved space. 

We should expect rather that all space, from whatever direc- 
tion, would be aglow — ^that the firmament would be one glaring 
surface like a mosaic of sims. 

How are we to explain the discrepancy? 

For answer one might quote statistics by which the mathe- 
maticians — Sir James Jeans in particular — show how relatively 
insignificant is the supply of energy put forth by the stars, in 
relation to the vastness of the sidereal system. 

But this is on the assumption that the energy passes off into 
space, and has all along been doing so since the beginning. 

The case is quite altered if we consider the energy as still 
present and ever-accumulating within the sidereal S3rstem. On 
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that basis, it seems necessary to assume, either that energy is 
obstructed in its passage throu^ inter-stellar space (which 
astrophysicists are inclined to deny) or else that part of the 
energy is annihilated or transformed into something different 
from what we term light and radiant heat, in which guise it leaves 
the stars. 

. As to the obstruction of light in its passing through inter- Is Space 
stellar space, a new question is raised by very recent investiga- Matter? 
tions, to which incidental reference has been made, showing 
that there are “clouds” of matter, until recently quite unsus- 
pected, diffused in space that has all along been thought of as 
totally empty. 

Spectroscopic studies of Prof. Plaskett with the seventy-two- 
inch reflector at the Dominion Observatory in British Columbia 
have been so conclusive that Prof. Eddington is led to say that 
he thinks there can be no doubt of the existence of a “cosmic 
cloud” of ionized sodium, calcium, and probably many other 
elements unrevealed, pervading the stellar system. 

“The fullness of inter-stellar space,” he sa3rs, “becomes a point 
of observation and no longer a theoretical conjecture.” 

He even estimates the quantity of this matter in space, and 
reaches the conclusion that it is adequate to supply one atom, 
on the average, to every cubic inch of space throughout the 
sidereal system. 

An ionized atom, it will be recalled, is one that has lost one 
or more electrons from its planetary system. 

The presence of atoms thus stripped of their planetary constit- 
uents in otherwise vacant space is explained by Prof. Eddington 
on the assumption that beams of radiant energy in the depths of 
space, however spread out and however far from their source. 
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maintain unvaried their capacity to drive electrons from their 
orbit. The wide separation of the atoms in space greatly lessens 
the probability that the electrons will drop back again into their 
orbits. 

But, however explained, the presence of inconceivable quanti- 
ties of matter, in the aggregate, in what we have hitherto desig- 
nated as “empty space” is a phenomenon with which the 
astronomer must reckon. 

That this matter does interfere, in a measure, with the passage 
of light, is demonstrated in the fact that spectroscopic observa- 
tion reveals its presence. The shaft of light that drives an electron 
from its orbit is no longer a shaft of light, but is, in effect, 
absorbed by the electron — only to be restored and sent on its 
way again as a shaft of light in case the electron drops back 
to its orbit. 

So long as the electron remains a free wanderer in space, the 
shaft of light that liberated it is, as it were, stored in the electron’s 
pocket. 

If that sort of interference takes place often enough, the entire 
store of quantum-arrows of any particular star-beam must ulti- 
mately be intercepted and in effect annihilated. 

Technically stated, their kinetic energy has been rendered 
potential. 

But what becomes of the electrons that are thus liberated in 
space? 

And what of the protons, their erstwhile mates, now widowed, 
back there in the nucleus of the deserted atom? 

An ionized atom is a hi^y electrified, unbalanced structure. 
Failing to find electrons to restore the balance, it may conceiva- 
bly adopt the alternative of ousting a proton or two from its 
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nucleus— becoming, in effect, a radioactive atom, under stress 
of circumstances. 

Through this means, or any one of several others that might 
be conjectured, there may be free protons no less than free elec- 
trons abroad as components of the cosmic cloud of inter-stellar 
space. 

One might perhaps make an even more daring conjecture, and is Matter 
suggest that in the intricate meshes of commingling beams of 
radiant energy where the paths cross of light-messengers from Space? 
myriad of sources (direct or reflected), whirlpools may be set up 
in the ether which, according to their magnitude or direction of 
twist, become primordial electrons or primordial protons— radiant 
energy being thus transmuted into the basic materials of “mat- 
ter,” even as aforetime in the heart of a star, the same radiant 
energy had been bom of the destruction of other protons and 
electrons. 

Thus would the conception of matter-energy-matter make full 
circle. 

Such a conception of the veritable Creation of matter out of 
energy does not lie beyond the bounds of justifiable speculation, 
in the day when matter and energy may be gravely spoken of as 
probably different aspects of the same fundamental entity. 

Without pressing that point, however, let us consider a little 
further the situation of the free protons and electrons just postu- 
lated as present in inter-stellar space— whether we conceive them 
to be created there or (what after all is not so very different) 
liberated there under influence of the beams of radiant energy 
that traverse the cosmic clouds. 

liberated there under influence of the beams of radiant energy 
and electrons. 
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only as an historic landmark) the 20th century conception of the 
new heavens and the new earth. 

In default of that, it is open to each of us to go out on to the 
nearest hilltop at ni^t, and gaze up at the firmament, and with 
the factual basis of present-day astronomy for mental back- 
ground, dream our own cosmologic and cosmogonic dreams. 

I commend that inspiring pastime to every reader of these 
pages. It will be found a spirit-lifting, soul-clarifjring experience. 
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A FEW WORDS ABOUT ASTRONOMY BOOKS 

I FIRST became familiar with the original sources of astro- 
nomical history when writing the early chapters of my Story 
of Nineteenth Century Science more than thirty years ago. The 
earlier sources were investigated in the preparation of A History 
of Science (in which I had the valued assistance of my brother, 
Dr. Edward Himtington Williams) which appeared in a first 
edition of five volumes, in 1904. Many of the original source- 
documents of astronomical history are quoted in that work, and 
a rather full bibliography of sources and earlier works may be 
fotmd in the appendix to volume five. 

Any reader who is likely to be in position to follow up the 
sources, or is inclined to do so, will probably be able to consult 
the work in question, which appeared in a second edition, ex- 
panded to include the mechanical arts, in eleven volumes, in 1909. 

Both editions of The History of Science are now out of print, 
but they may be consulted in libraries, and will be found to pre- 
sent a much fuller account of the early astronomical development, 
in particular, than is given in the present book. The plan of 
the present work permits only occasional and brief excerpts from 
the source-dociunents that were freely drawn on in the eleven- 
volume work. 

In a book called Miracles of Science (1914), and in my ten- 
volume Story of Modern Science (1923) I have presented 
somewhat in detail certain aspects of modern astronomical devd- 
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opment. Most of the topics treated in either book are dealt with in 
detail in the present book, from a slightly different angle (for of 
course the viewpoint of a science changes decade by decade), but, 
although the present treatment is entirely new, the changes are 
not fundamental, and the astronomical chapters of the Story of 
Modem Science in particular are by no means superseded. There 
are of course auxiliary aspects of science in the ten-volume work 
that mi ght furnish supplementary reading — and nowadays there 
is very dose interdependence between astronomy and the other 
physical sciences. 

It would be superfluous to introduce here a general bibliography 
of astronomical books or writings, since anyone who is in posi- 
tion to consult the extensive literature of astronomy can use the 
library catalogues in which the works are found, and a good part 
of the more important ones can be secured at the bookstore. 1 
wish, however, to name a few very recent works, each admirable 
of its kind, which I would commend to the attention of any reader 
who cares to extend his knowledge of astronomy — ^as I hope many 
readers will be disposed to do. 

Of course there are many other more or less recent books on 
astronomy. I shall here mention only a few that I have myself 
consulted constantly in writing the later chapters of this book, 
and which I wish espedally to commend. 

Here are two recent books of the textbook order, comprehen- 
sive, condensed, yet exceedingly readable: 

The Elements of Astronomy. A non-mathematical textbook for 
use as an introduction to the subject in colleges, universities, etc., 
and for the general reader. By Edward Arthur Fath, Professor of 
Astronomy in Carleton College. Second Edition 1928, McGraw- 
Hill Book Company, Inc. 
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The Ptmdamentals of Astronomy. By S. A. Mitchell, Ph.D, 
LL.D. Director of the Leander McCormick Observatory, and 

C. G. Abbot, M.S., D.Sc. Director of the Astrophysical Observa- 
tory. D. Van Nostrand Co., Inc. 1928. 

The following are books of popular character, in the best sense 
of the word; highly authoritative narrative treatments of various 
aspects of recent astronomical development. 

The Earth and the Stars. By Charles G. Abbot (a good deal 
of the matter in this book is reproduced in “Fundamentals of 
Astronomy,” above mentioned, of which Dr. Abbot is joint au- 
thor). Fully illustrated. D. Van Nostrand Co. 1927. 

The Sim, The Stars and the Universe. By W. M. Smart, M.A., 

D. Sc., F.R.A.S. John Couch Adams, Astronomer and Chief Assist- 
ant in the University Observatory, Cambridge. Longmans, Green 
& Co. 1928. 

Meticulous in specifically crediting discoveries; sometimes 
verging on the technical in elucidation of astronomical methods; 
always of interest to anyone who cares to give reasonably close 
attention; very fully illustrated, with photographs, diagrams, and 
tables. 

Two books on the constellations: practical guides to the open- 
air study of the stars. 

A Gtdde to the ConJteUaiions. By Samuel G, Barton, Ph.D. 
Assistant Prof, of Astronomy, University of Penn., and Wm. H. 
Barton, Jr., C.E., M.S., Assistant Prof, of Highway Engineer- 
ing, University of Penn., McGraw-Hill Book Co., Inc., 1928. 

A large star-chart for each month of the year with full inter- 
pretations, and a wealth of interesting information about indi- 
vidual constellations and stars. The large size of the charts makes 
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them of peculiar value, and the admirable typographical arrange- 
ment of the text makes all information readily accessible. Any- 
one who uses this book as a guide, may readily gain a very com- 
prehensive knowledge of the visible heavens. 

Astronomy W'pth an Opera-Glass. By Garrett P. Serviss, D, 
Appleton & Company. 1928. 

A highly practical guide to the stars, with the information 
presented in narrative style. The charts are smaller, each giving a 
view of a small portion of the heavens, and the book is there- 
fore better adapted for use of one who has a general knowledge 
of the constellations. It contains also a chapter on the moon, 
the planets, and the sun. 

Our text refers very often to two outstanding mathematical 
astronomers, each of whom writes delightfully about astronomical 
matters in general, and in particular about the more speculative 
aspects of the subject of physical conditions in the sun and stars 
and moot points of cosmogony that are now so much in evidence. 
I refer, of course, to Professor A. S. Eddington and Sir James 
Jeans. 

The Universe Around Us. By Sir James Jeans, M.A., D.Sc., 
LL.D., F.R.S. The Macmillan Company, 1929. 

Stars and Atoms. By A. S. Eddington, M.A., D.Sc., LL.D., 
F.R.S., Plumian Professor of Astronomy in the University of 
Cambridge. New Haven: Yale University Press, 1927. 

No one who is interested in present day problems of astronomy 
can afford to miss either of these books. Professor Eddington’s 
still more recent book, The Nature of the Physical World (1929) 
is no less delightful, but demands fairly close attention on the 
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part of the reader, as it deals with subjects which, in the hands 
of a less poetically minded technician, might readily take the 
non-technical reader beyond his depth. 

The reader who “intends” his mind receptively, will find these 
books of Sir James Jeans and Professor Eddington quite liter- 
ally “more fascinating than novels.” 

If your interest in astronomy is such that you would like to 
go to the sources, and learn just what the great astronomers said 
in announcing their discoveries, you can now gratify this ambi- 
tion without going to a library, for the source documents from 
Copernicus to the close of the 19th century have been gath- 
ered into an indispensable reference book under title of : 

A Source Book in Astronomy. By Harlow Shapley, Ph.D., 
LL.D., Professor of Astronomy in Harvard University and Di- 
rector of the Harvard Observatory, and Helen E. Howarth, A.B., 
A.M., Research Assistant at the Harvard Observatory. McGraw- 
Hill Book Co., Inc. 1929. 

Additional value is given the book by brief critical biographies 
of each of the great astronomical discoverers whose original 
announcements are presented. 

Men who make great discoveries can usually transmit some- 
thing of their enthusiasm to the written word. Nearly all these 
papers will be found intrinsically interesting, even aside from 
their historical significance. This source book is of course abso- 
lutely indispensable to every serious student of astronomy. 
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B 

ALPHABETICAL SUMMARY OF ASTRONOMICAL SUBJECTS 

Aberration of lenses is due to the fact that the rays of light 
are not all brought to the same focus by an ordinary lens. The 
rays from the outer i>art of the lens tend to a shorter focus 
than those nearer the center, thus causing a spherical aberration. 
The lens tend to split the light-beam into a spectrum with the 
red waves of longer focus than the violet, thus causing a colored 
image. This is chromatic aberration. Correction is made by com- 



Fig. 100. — ^The Ra3rs of Light Passing Through a Homogeneous Lens 
Are Not Brought to One Focus. 

bining flint glass and crown glass lenses, and by modifying the 
curve of the lens. The reflecting telescope using a curved mirror 
instead of lenses, brings the light to a better focus, with com- 
paratively little spherical aberration and no chromatic aberra- 
tion. The surface of the mirror must be parabolic, not spherical. 

Aberration of light causes the apparent displacement of stars 
and planets, viewed through the telescope, because of the earth’s 
motion and the fact that the speed of light is not infinite. The 
discovery of aberration was announced by James Bradley in 1728. 
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The amount of apparent movement of the star is too small to be 
observed with the naked eye. Yet it amounts to more than 20 
seconds of arc, a very significant telescopic distance. Polar stars 
appear to describe a circle; stars of intermediate portions of 
the heavens, an ellipse; and stars at the ecliptic swing back and 
forth in the same line. A correction for aberration must be made 
in case of all accurate astronomical observations that have to 
do with the placement of stars or planets. The so-called “con- 
stant” of aberration, used in making a correction, is 20.47 sec- 
onds, with a possible error of o.oi or 0.02 seconds. 



Fig. 10 1. — Lens Acts as a Prism and Disperses Rays of White Light, 
Bringing the Colors to Different Foci. 

Aerolite. A name sometimes applied to the objects more com- 
monly known as meteors or shooting stars. Millions of such 
objects fall into the earth’s atmosphere every day. They are 
probably fragments of “world-stuff” comparable to the matter 
making up the bodies of comets — and may even represent the 
dismembered fragments of comets. 

Albedo of a planet. Its reflecting power, representing the frac- 
tion of the sun’s light which it reflects. Thus the albedo of Mer- 
cury is only 7 percent, while that of Venus is 59 percent (that 
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of white paper being 70 percent). The mean albedo of Mars is 
about 15 j^rcent, but different determinations vary. The mean 
albedo of Jupiter is 56 percent, of Saturn 63 percent, of Uranus 
63, of Neptune 73 percent. Neptune has a stellar magnitude of 
8, and is therefore never visible to the naked eye. Uranus may 
be seen as a star of the sixth magnitude under favorable condi- 
tions, but is usually invisible. Saturn appears always as a bright 
star, varying from magnitude o to 1.5. Jupiter at brightest is 
far brighter than any star, having magnitude tnintis 2.3. At con- 
jtmction the magnitude falls to minus 1.5. Only Venus exceeds 
Jupiter in brightness as a rule, though Mars at close opposition 
may outshine it for a short time. The asteroids are telescopic 
objects, mostly too small to be measured. The largest is slightly 
less than 500 miles in diameter the smallest probably not more 
than 3 or 4 miles. Mars varies from minus 2.7, a greater bright- 
ness than that of any other planet except Venus, to plus 2.0 — 
the appearance of a second magnitude star. This great variation 
in the appearance of Mars is said to have been one of the 
things that led Copernicus to reflect on the unplausibility of the 
old geocentric or Ptolemaic system. The stellar magnitude of 
Venus varies from mmtts 4.4 downward. Venus shows phases like 
the moon, and therefore at times is only a sickle of light. At 
brightest, Venus may be seen with the naked eye in full daylight. 
Stars may be seen in daylight only with the telescope. Mercury 
is difficult to see, owing to its n^mess to the sun. At its bright- 
est it appears as a very large first magnitude star of scale minus 
1.9. (For e^lanation of the scale of magnitudes, see star-magni- 
tudes.) 

ApheUon of a planet. The point of the orbit at farthest distance 
from the sun (opposed the perihelion, the nearest distance). The 
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earth is at aphelion at the summer solstice, about June 21st. As 
at that time the axis is tipped toward the sun, the northern 
hemisphere has summer, so £he heat received is somewhat less 
than that received by the southern hemisphere during its sum- 
mer season, when the earth is at perihelion. Contrariwise, the 
northern-hemisphere winter is slightly less severe because the 
earth is nearer the sun than during the southern-hemisphere win- 
ter. This accounts, in part at least, for the greater severity of 
the Antarctic winter. Possibly the (probably) earlier development 
of life in the southern hemisphere may have been associated 
with the occurrence of southern summer at perihelion. 

Apogee of the moon. The moon’s farthest distance from the 
earth — corresponding to the aphelion of a planet. The opposite 
of apogee is perigee, corresponding to perihelion. The eccen- 
tricity of the elliptical orbit of the moon is 0.055. The plane of 
the orbit is inclined to the plane of the ecliptic at an average 
angle of 5 degrees 9 minutes. This is added to or subtracted from 
the earth’s inclination at about 23 degrees, accounting for the 
familiar fact that the moon sometimes rises very high in the 
sky, and sometimes circles very low. The average angular diam- 
eter of the moon is a little over 31 minutes, or slightly more 
than half a degree. This gives a convenient gauge for estimating 
apparent distances between stars — one degree being slightly less 
than twice the apparent diameter of the moon. 

Apsides. The line of apsides is the line of the long diameter or 
major axis of an ellipse. This imaginary line rotates, though the 
ellipse itself maintains its shape unchanged. The changing posi- 
tion must of course be taken into account in calculating the orbits 
of planets and the moon. The swing of the apsides is due to the 
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mutually disturbing influence of the planetary bodies, through 
gravitation. 

Arc of a circle or ellipse or other curve. Any portion of the 
curve, measured by the angle it subtends from the center of revo- 
lution — which in case of the planets is the sun’s position at the 
major focus of the ellipse, for purposes of calculation of the orbit; 
or the position of the human observer on the earth, as in case 
of a navigator. For purposes of the ordinary observer, the ellipti- 
cal orbit may be regarded as circular, and the arc measured is 
usually that described by the sun or a star in a given period. 
Since every circle is divided into 360 degrees, a quarter-circle, or 
the distance from horizon to zenith, is 90 degrees. The arc of the 
altitude of the pole star above the horizon, measured in degrees, 
represents the degree of latitude of the place where the observa- 
tion was made (with slight correction for the pole star’s distance 
of something more than i degree from the actual pole). The sim- 
plest arc to measure is that of the sun’s distance from the zenith 
when on the meridian, as shown by the shadow cast by vertical 
post, or, roughly, by the shadow cast across the face of a watch 
held with its edge toward the sun. The distance between the 
hour-marks on the face of the watch, measured from the center, 
represent 30 degrees (one 12th of the circle). On the day of 
either the vernal equinox, March 21, or the autumnal equinox, 
September 23, the sun being directly over the equator, its appar- 
ent angular distance from the zenith when on the meridian rep- 
resents the latitude of the place where the observation is made. 
It was through such an observation that Eratosthenes first meas- 
ured the size of the earth— except that his observation was 
made on the day of the solstice, at a known distance from the 
tropic of cancer. Such an observation serves the purpose equally 
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well, but in that case of course the distance of the tropic of 
cancer from the equator (ca. 23J4 degrees) must be added to 
the angular distance of the sun from the zenith to give the lati- 
tude. 

Asteroid. A minor planet, otherwise called a planetoid. There 
are hundreds of these bodies in the otherwise vacant orbit be- 
tween Mars and Jupiter. 

Astrolabe. The ancient forerunner of the modern sextant, for 
measuring the altitude of heavenly bodies. A watch used in the 
manner described in the preceding paragraph, is, in effect, an 
astrolabe. Like the original astrolabe, it determines the vertical 
by being suspended like a plumb-line, and the minute hand may 
be adjusted to point directly to the sun, like the similar revolving 
arm of the astrolabe. The watch will serve also for measuring 
the altitude of the moon, but of course it would be useless for 
observation of a star. A crude astrolabe for roughly measuring 
the Eiltitude of stars may be made with two crossed sticks, one 
weighted to hang in the vertical direction, the other being sighted 
at the star. A transit telescope is merely a highly developed ap- 
paratus to serve the same purpose with accuracy. 

Azhnuih of a heavenly body. The angular distance of the sun 
or a star or planet representing its apparent position above the 
horizon, measured westward from the point directly south of the 
observer. Combined with a measurement for altitude this gives 
the apparent position of a star at the moment of observation. 
The actual position of the star as regards right ascension and 
declination is more accurately measured as the star crosses the 
meridian, the instrument commonly used being a meridian circle, 
so mounted that it can be rotated to aim high or low, but never 
departs from the meridian. An instrument mounted to swing 
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about horizontally as well as on the vertical axis, like a sur- 
veyor’s transit, is called an altazimuth telescope. Such an instru- 
ment has a wider field of usefulness, but lacks the extreme 
accuracy of the meridian circle, owing to the flexible mounting. 

Base line. The line carefully measured by the surveyor for use 
in “triangulating” a territory. The importance of the base line 
makes it necessary to use extreme care in determining its precise 
length. One method of measurement is to use rods encased in 
ice, to prevent variation through change of temperature. Another 
is to use a special metal alloy, called “invar” (short for “invaria- 
ble”) a metal that changes very slightly with ordinary modifica- 
tions of temperature. The astronomer’s base line for measuring 
solar distances is the semi-diameter of the earth itself. For stellar 
distances, the distance of the sun from the earth is the unit. 
The actual astronomical base line used in determining the dis- 
tance of a star by the trigonometric method is the diameter of 
the earth’s orbit. 

Binary star, or binary system. A sjmonym for “double star.” 
The existence of pairs of stars, linked by gravitation, is the rule 
rather than the exception in the stellar system. Many of these 
doubles are separated by enormous distances, though the vastly 
greater distance that separates them from the earth may make 
them appear to naked-eye observation like single stars. One test 
of a telescope is its capacity to separate doubles. The spectro- 
scope reveals thousands of stars as binaries that are not sepa- 
rated even by the magnification of the largest telescope. Thus 
binaries are spoken of as visual, telescopic, or spectroscopic. 
Variable stars of one t37pe (of which Algol is a conspicuous exam- 
ple) owe their variability to partial or entire eclipse of one mem- 
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ber of the double system by the other, as they revolve about a 
common center. 

Bolometer. An exceedingly sensitive electrical thermometer used 
to measure the heat of rays of minute intensity. Invented by 
Samuel P. Langley, of the Smithsonian Institution, and used effec- 
tively also by his successor, Dr. Charles G. Abbot, in testing not 
only minute variations in the sim’s heat, but also the heat of some 
individual stars and planets. 

Cassegrainim telescope. A reflecting telescope, invented by 
Guillaume Cassegrain, a sculptor in the service of Louis XV, 
modeler and founder of many statues. His reflecting telescope 
differs from the Newtonian in that it has a convex lens in the 
interior of the tube, which reflects the rays back through a hole 
in the center of the mirror, so that it can be used after the man- 
ner of a refracting telescope. It may be variously modified, so 
that the reflected rays come to the side of the tube. The New- 
tonian telescope had a reflecting mirror near the mouth of the 
tube, which sent the rays to an aperture in the side of the tube. 
Herschel, who developed the reflecting telescope, preferred to 
stand at the mouth of the tube, and receive the rays directly into 
the object glass at his eye, thus avoiding loss by second reflection. 
The Cassegrain and Newtonian telescopes were invented in the 
same period, but they hardly competed with the refracting tele- 
scope until the time of Herschel. 

Chronograph, an electrical clock attachment, consisting of a 
revolving cylinder, covered with paper, having a pen-point rest- 
ing on it, so that as the cylinder revolves the pen leaves a trace 
on the paper. An electric button is pressed by the observer at the 
telescope at the moment when a star under observation comes to 
the spider-web at the centre of his field. This causes the pen 
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to make a notch in the tracing, and thus makes a permanent 
record of the time of transit of the star. There is a slight differ- 
ence in records made by different observers, owing to the “per- 
sonal equation,” representing a difference in the reaction time of 
different individuals. 

Chronometer. A watch of high precision used chiefly to deter- 
mine longitude at sea. The lack of such an instrument made early 
navigation difficult, and it was only after the development of 
chronometers, with compensating balance wheels, that longitudes 
could be accurately determined. At best, the determination of 
longitudes by the chronometer does not equal in accuracy deter- 
mination made by telegraphic or cable communication, or in 
modem times by radio. Since no chronometer is absolutely accu- 
rate, it is usual for a ship to carry three, taking the mean time. 
If, however, the rate of gain or loss of a given chronometer is 
known, the exact time can of course be accurately computed 
from it. 

Circle, great. A great circle is defined as any circle which in- 
cludes the two ends of a single diameter of a sphere. That is to 
say, it is a circumference of a plane that cuts the center of the 
sphere. The equator is a great circle, but no other parallel on the 
globe is, technically, other than a “small” circle, even though it 
may be a single degree or less from the equator. All meridians 
are great circles. The technical use of the terms is sometimes 
confusing, since the astronomer may speak of a “small” circle in 
referring to an arc of the sky of practically infinite extent, while 
referring to the meridian or equator of a small planet as a “great” 
circle. The distance along the arc of a great circle, in the tech- 
nical sense, gives the shortest distance on the globe between any 
two points lying on that circle. Thus the anomaly appears that 
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if two places lie precisely on the same parallel of latitude, and 
therefore directly on the east and west lines, the shortest distance 
between them is not this east and west line, but a line curving 
slightly along the arc of the great circle which would include the 
two places and the center of the earth in one plane. 

Coelostat. An instrument for producing a fixed beam from a 
celestial object usually the sun. It has a plane mirror parallel 
to the earth’s axis, and rotates about an axis parallel to that of 
the earth, at a rate of one revolution in 48 hours. Often a second 
mirror is employed to send the fixed beam in a desired direction. 
The coelostat is advantageous for simplicity, and for preserving 
a non-rotating field of view (Abbot). 

Conjunction. Said of two celestial objects when they have the 
same longitude or right ascension. When the earth is in direct 
line between the sun and Mars, or any other outer planet, the 
earth and the outer planet are said to be in opposition. Mercury 
and Venus are in conjunction when they pass directly between 
the earth and the sun. Conjunction of an inferior planet is infe- 
rior or superior according to whether the planet is on the same 
side or on the opposite side of the sun from the earth. 

Constellations. The imaginary outlines that divide the sky into 
“constellations” are an unfortimate heritage from remote an- 
tiquity. The Greeks got the idea of them from the Egyptians, and 
perhaps more or less remodeled them, substituting their own 
heroes and mythological figures for Oriental ones. As the constel- 
lation figures were modeled to include the conspicuous stars, 
they served a purpose, and the mythological associations no doubt 
added interest. But the modem astronomer finds them exceedingly 
inconvenient, and he has substituted expanded outlines to cover 
the entire sky, filling in interstices with small constellations wher- 
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ever necessary. Of course, the ancients did not know the southern 
constellations that lay below their horizon, so new names and 
figures were given these when exploration made them known. It 
would be a great convenience if the old irregular lines could be 
swept away, and meridians and parallels substituted. But it is 
unlikely that this will be done, owing to the great confusion that 
would result in referring to old catalogues. Yet for purposes of 
the great photographic star-charts, this method does, in effect, 
prevail. There are of course untold millions of stars that have 
no names and that would be referred to in terms of right ascen- 
sion and declination without thought of the particular constel- 
lation or constellations in which they chanced to fall. Here is a 
complete alphabetical list of about 90 constellations: 28 northern, 
12 zodiacal (making a belt around the ecliptic), and about 50 
southern (one or two southern ones have been divided on some 
modem charts: so the total number varies by three or four in 
different lists). The prominent constellations visible in the north- 
ern hemisphere may be located on the map (see “Charts of the 
Constellations” Appendix C) and those that contain the first- 
magnitude stars visible in northern latitudes are arranged in a 
table given below (cf. “Magnitude”): 

List of Constellations 

NORTHERN (28) 

Andromeda, Aquila (Eagle), Auriga (Charioteer), Bootes, 
Camelopardalis (Giraffe), Canes Venatici (Hunting dogs), Cas- 
siopeia, Cepheus, Coma Berenices (Berenice’s hair), Corona Bo- 
realis (Northern crown), Cygnus (Swan), Delphinus (Dolphin), 
Draco (Dragon), Equuleus (Colt), Hercules, Lacerta (Lizard), 
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Leo Minor (Smaller lion), Lynx, Lyra (Lyre), Ophiuchus or 
Serpentarius (Serpent bearer), Pegasus, Perseus, Sagitta (Ar- 
row), Serpens (Serpent), Triangulum (triangle), Ursa Major 
(Great bear), Ursa Minor (Lesser bear), Vulpecula (Little fox). 

ZODIACAJL (12) 

Aquarius (Water Carrier), Aries (Ram), Cancer (Crab), Cap- 
ricornus (Horned goat), Gemini (Twins), Leo (Lion), Libra 
(Balance), Pisces (Fishes), Sagittarius (Archer), Scorpius (Scor- 
pion), Taurus (Bull), Virgo (Virgin). 

SOUTHERN (50) 

Antlia (Air pump), Apus (Bird of paradise). Caelum (Graver), 
Canis Major (Larger dog), Canis Minor (Smaller dog), Carina 
(Keel), Centaurus (Centaur), Cetus (Whale), Chameleon, Cir- 
cinus (Compass), Columba Noachi (Dove), Corona Australis 
(Southern crown), Corvus (Crow), Crater (Cup), Crux (Cross), 
Dorado (Gold-fish), Eridanus (Eridanus, a river), Fornax (Fur- 
nace), Grus (Crane), Horologium (Clock), Hydra (Sea serpent), 
Hydrus (Water snake), Indus (Indian), Lepus (Hare), Lupus 
(Wolf), Mons Mensa (Table Mountain), Microscopium (Micro- 
scope), Monoceros (Unicorn), Musca Australis (Fly), Norma 
(Level), Octans (Octant), Orion, Pavo (Peacock), Phoenix, 
Pictor (Easel), Piscis Austrinus (Southern fish), Puppis (Stem 
of a ship). Pyxis (Compass), Recticulum (Net), Sculptor (Sculp- 
tor’s work-shop). Scutum (shield). Sextans (Sextant), Telesco- 
pium, Tucana (Toucan), Triangulum Australe (Southern tri- 
angle), Vela (Sails), Volans (Flying fish). 

Ctdminat^n. The passage of a heavenly body across the merid- 
ian. Stars near the pole, which seem to make a complete circuit of 
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the heavens are in lower culmination when below and in upper 
culmination when above the altitude of the pole. 

Day. The period of about 24 hours might seem to require no 
definition. But astronomically there are three kinds of days. The 
solar day represents the time required by the actual sun to pass 
from meridian to meridian. The mean solar day, which is the 
practical day of common life, is the average or mean time required 
by the sun to pass from meridian to meridian, which varies by 
several seconds from day to day and cumulatively, so that some- 
times the standard clock (and the fictitious sun) are 15 or 16 
minutes away from the actual sun. The sidereal day is the time 
interval between the successive crossings of the meridian by any 
single star. This does not vary because the stars are so distant. 
The astronomical dock is set for sidereal time. 

Decimation. The distance, measured in degrees, of a celestial 
object north or south of the celestial equator. Declination there- 
fore corresponds to latitude on the earth’s surface. The meridional 
position corresponding to longitude is called Right Ascension. 

Double Star. Close companion stars, which may or may not 
be physically assodated. If known to be thus associated, and 
therefore in revolution about a common center, double stars are 
technically spoken of as binary systems. Binaries may be visual 
or spectroscopic. In the latter case, they are too dose to be sep- 
arated by the telescope, but the double character is revealed by 
the shaft of the Fraunhofer lines in the spectrum. 

Durckmusterung. A star chart, in particular the great Bonner 
Durchmusterung of the astronomer Argelander, which gives place 
and brightness of over 324,000 stars, including all in the north- 
ern heavens to the ninth magnitude. 

Ecliptic. The path in which the earth revolves about the sun. 
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The plane of the ecliptic is the plane passing through this orbit 
and through the center of the sun extended indefinitely. Owing 
to the practically infinite distance of the stars, the intersection of 
this plane with the celestial vault may be regarded as fixed. This 
is true also of the celestial equator, which is the extended plane 
of the earth’s equator. The line of intersection of the two planes 
slowly shifts, however, constituting the precession of the equi- 
noxes, the reason being that the axis of the earth, though com- 
monly spoken of as absolutely fixed, is in reality swinging very 
slowly about in a circle, as the axis of a spinning top swings, 
without changing appreciably the angle between the planes of 
ecliptic and equator — except by the exceedingly small wavy mo- 
tions known as nutation, which has a period of more than i8 
years. 

Ephemeris. A table of positions of celestial objects at succes- 
sive times. The American Ephemeris and Nautical Almanac, 
issued year by year by the government, and prepared by the 
superintendent of the IT. S. Naval Observatory and the Astronom- 
ical Council, is a bewildering array of figures, for the use of 
navigators, but has interest for the amateur observer who may 
wish to locate the sun or any particular stars from day to day. 
Anyone who wishes to study sun-shadows, or “zenith-angles,” in 
the way suggested in another section of this Appendix, may ad- 
vantageously have at hand a copy of the Nautical Almanac, to 
locate the sim’s latitude exactly. 

Eras or epochs. An interesting list of some of the more impor- 
tant eras is given in the Nautical Almanac. One of the most widely 
recognized chronological eras is that of the Julian calendar. Jan- 
uary I, 1930, of the Julian calendar corresponds to January 14, 
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1930, of the Gregorian calendar. The Julian day-number of Jan- 
uary 1, 1930, of the Gregorian calendar is 2,425,978. 

Equinox. The instant when the sun occupies the line in the 
heavens which is the intersection of the plane of the equator 
■vwth the plane of the ecliptic. On the day when this occurs, day 
and night are equal everywhere on the globe. The vernal equinox 
occurs about the 21st of March, and the autumnal equinox about 



Fig. 102. — ^Foucault Pendulum. (Explained in the text.) 

the 23rd of September. There is a variation of a few hours, owing 
to the fact that the earth’s revolution about the sun does not take 
place in an exact or even number of days. The equinoxes do not 
precisdy bisect the year; because of the ellipticity of the earth’s 
orbit the winter “half” of the year is shorter. 

Foucault pendtdum. A very long pendulum devised by the 
French physicist Foucault, to demonstrate the rotation of the 
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earth on its axis. The pendulum is set swinging, suspended from 
the dome or ceiling of a high room, and it continues to swing in 
the same plane, while the position of the earth shifts under it. The 
changing relations of the swinging pendulum and objects in the 
room demonstrate the earth’s rotational movement. Foucault made 
a similar demonstration with a gyroscope in gimbal rings. 

Galactic latUitde. The angular distance of a celestial object 
from the medium plane of the Milky Way — a plane chosen some- 
what arbitrarily, but the general direction of which is unmis- 
takable. 

Galaxy. Originally meaning the Milky Way. The word is now 
applied not only to our system of stars, but to nebulae that are 
supposed to represent outlying systems. 

Gravitation. Says Simon Newcomb: “No work of the human 
intellect farther transcends what would seem possible to the 
ordinary thinker than the mathematical demonstrations of the 
motions of the heavenly bodies under the influence of their mutual 
gravitation. We have learned something of the orbits of the plan- 
ets round the sun; but the following of the orbit is not the funda- 
mental law of the planet’s motion; the latter is determined by 
gravitation alone. This law, as stated by Newton, is so compre- 
hensive that nothing can be added. The law that every particle 
of matter in the imiverse attracts every other particle, with a 
force which varies inversely as the square of the distance between 
them, is the only law of nature which, so far as we know, is abso- 
lutely universal and invariable in its action. All the other proc- 
esses of nature are in some way varied or modified by heat and 
cold, by time or place, by the presence or absence of other bodies. 
But no operation that man has ever been able to perform on 
matter changes its gravitation in the slightest. Two bodies gravi- 
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tate by exactly the same amount, no matter what we do with 
them, no matter what obstacles we interpose between them, no 
matter how fast they move. All other natural forces admit of 
being investigated, but gravitation does not.” Contrary to a pop- 
ular conception, the Einsteinian hypothesis of relativity does not 
profess to modify the Newtonian law, except by an infinitesimal 
amount under conditions not claimed to be observable except 
in two instances amidst all the phenomena of the planetary and 
celestial mechanisms. In other words, for every practical pur- 
pose, Newtonian gravitation and Einsteinian gravitation are abso- 
lutely identical. In the words of Professor Charles Lane Poor, 
the difference between them is expressed succinctly in two words — 
“No difference!” 

Heliocentric. Having the sun at the centre. The doctrine of 
Copernicus is the heliocentric conception of the planetary sys- 
tem, in contradistinction to the geocentric, or earth-centred con- 
ception, which had been xmiversally accepted by mankind (with 
the exception, so far eis known, of one man only, the Greek, Aris- 
tarchus), and continued to be generally accepted for a long 
time after the death of Copernicus. That the heliocentric con- 
ception is the right one, is now as fully established zis any other 
astronomical fact whatsoever. Yet it seems so unplausible that 
thousands of generations of star-gazers failed to consider it even 
as a possibility, and when it was suggested by Aristarchus of 
Samos, a Greek living in the third century B.C., it gained no 
adherents, and was totally ignored thereafter for more than 1700 
years. 

Heliometer. A micrometer device with divided object glass, the 
parts of which are movable with a micrometric screw, so as to 
bring images of nearly adjacent celestial objects together. It is 
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used for measuring small angular separations, and is the device 
that enabled Bessel to determine the parallax of the star 61 cygni, 
thus for the first time accurately determining a stellar distance. 

Hour angle of a celestu^ object. The angle of the plane be- 
tween the meridian of the observer and the plane of a great 
circle passing through the poles and the opposition of the object 
imder consideration. The angle is usually expressed in hours, as 
indicating the distance in time of the object from the meridian 
of the observer. One hour of time represents 15 degrees, neces- 
sarily, since 24 times 15 are 360, the number of degrees in an 
entire circle. 

Interferometer. An instrument devised by Professor A. A. 
Michelson, the purpose of which is to bring together two beams of 
light to note when their superposed spectra give fringed images 
of lines. By adjusting the mirrors that reflect the light the fringes 
may be dissipated, showing that the waves of the two beams are 
coincident. An especial type of interferometer, consisting of a 
beam about 20 feet long with the reflecting mirrors adjusted 
near its end, has been used, in coimection with one of the great 
telescopes at Mt. Wilson Observatory, to measure the actual 
diameters of a few of the largest stars — the first one so meas- 
ured being Betelgeuse, the big shoulder-star in the constellation 
Orion. The actual measurements of the stars with the interferom- 
eter at Mt. Wilson were made by Dr. Pease. 

Latitude. The angular distance on the earth surface north or 
south of the equator. A degree of latitude is about 69 miles, and 
the variation in length between equator and pole is not very great, 
but nevertheless significant in an astronomical sense. Owing to 
the flattening at the poles, the degree lengthens slightly as the 
polar region is approached. The precise determination of a degree 
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of latitude was a problem not solved until well toward the close 
of the 17th century. Up to that time, it was debatable whether 
the earth is an oblate or a prolate spheroid. A French expedition 
to measure a degree of arc at the equator, checked by another 
expedition measuring a degree of arc in northern Europe virtu- 
ally settled the question. It was the new and correct determination 
of a degree of arc, giving a new measurement for the size of the 
earth itself, that enabled Newton to confirm his idea of gravita- 
tion as the force hol din g the moon in its orbit. Galactic latitude 
is the angular distance on the celestial sphere from the medium 
plane of the Milky Way. Heliographic latitude similarly meas- 
ures the sun’s sphere north or south of the sun’s equator. The 
simplest method of measuring or determining the latitude of any 
place on the earth’s surface is to observe the shadow of an upright 
peg (gnomon) on a level surface, and thereby to find the angular 
distance of the sun from the zenith. This angle added (algebrai- 
cally) to the sun’s latitude at the time of observation is the lati- 
tude of the place. On the day of either equinox, when the sun is at 
the equator, the angular distance obviously gives the latitude 
directly. 

Libration of the moon in lon^tude. An apparent oscillation 
caused by the unequal velocity of revolution of the moon in its 
orbit, combined with its uniform velocity of rotation on its axis, 
and also caused by the daily rotation of the earth, bringing the 
observer into different positions of view at moon rising and set- 
ting. Thus we see more than half of the moon in its longitudes 
(Abbot). 

Light-year. The distance traveled by light in a year, amounting 
to about 6,000,000,000,000 miles. The light year is thus a dis- 
tance and not a period of time, yet it is equally obvious that time 
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and distance are here interdependent. If we were stationed one 
light-year from the earth, we should witness events one year 
after their time of actual happening, and so for any number of 
years. Since light radiates in all directions, we may think of space 
as being filled with successive concentric spheres each of which 
is the position of the waves of light representing a moment more 
or less remote according to the distance. A curious feature of this 
imagining is that, if we stop to reflect, we shall see that the 
earth no longer remains in the spot where it was when the event 
occurred. Yet since light travels in straight lines, we should seem 
to see the earth in its old location. If we were even a single light- 
year away, we should be looking at an earth and locating it in a 
position from which it has now departed by about 327,000,000 
miles. Of course, the same thing holds under the actual condi- 
tions of our observation of the stars. These bodies are in motion, 
and no one of them really exists where we seem to see it. Even 
stars at a moderate distance are billions of miles removed from 
the point where we now see their images. The modern astronomer 
is likely to speak of star distances in terms of “parsecs,” a parsec 
being 3.26 light-years. 

Limb of the sun, planets, and sateUites. The edge of the visible 
disk. The astronomer says “right or left limb” where a layman 
would be likely to say “right or left side.” 

Longitude. Angular distance on the earth’s surface east or 
west of the meridian of Greenwich, England. It may be reckoned 
in degrees or in hours, one hour equalling 15 degrees. In either 
case, minutes and seconds are the smaller divisions. Since the sun 
or any other stellar body, owing to the earth’s rotation, crosses 
15 degrees of longitude in an hour, it is obvious that one degree 
is crossed in four minutes. The longitude of a place may be deter- 
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mined by noting the minute when the sun is on the meridian, 
anH applying the equation of time, for the day. Standard time 
for a zone is reckoned from meridians at even-hour distance 
from Greenwich — ^the critical meridians in the United States being 
75 degrees west for eastern standard time, and 90 degrees, 105 
degrees, 120 degrees, respectively for Central, Mountain and 
Pacific time. If you live east of critical meridian, the sun will 
come to your meridian earlier than the clock-hour, by four min- 
utes for each degree of distance, and of course the conditions are 
reversed if you live west of the critical meridian. It is a simple 
and interesting experiment to test your location by observing 
the sun’s shadow, bearing these conditions in mind. Celestial 
longitude is measured all in one direction roimd the sphere, 
reckoned from the point of the vernal equinox in the constellation 
Pisces (still called the sign of Aries). 

Lunation or the lunar month, is the time reqiiired for the moon 
to complete all its phases; otherwise the synodic. As the sun 
constantly tugs at the moon, modifying the effect of the earth’s 
gravitation pull, the motions of that body are greatly modified 
from the simple ellipse that would be its orbit if there were no 
such disturbing influence, coupled with minor disturbances due to 
Jupiter and the other planets. The calculation of the moon’s 
orbit becomes exceedingly complicated and the full theory of the 
lunar movements has been worked out only by successive genera- 
tions of calculators. 

Magnitude of stars. Ptolemy in the Almagest, summarizing the 
knowledge of antiquity, lists the stars in six groups as to magni- 
tude, from brightest to faintest. First magnitude stars are few 
in number, and the number increases with each successive mag- 
nitude. The total number of stars of the sixth magnitude, or stars 
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visible to the naked eye, is about 6000. But even the crude tele- 
scope of Galileo brought vast numbers of stars to view, and the 
modem telescope, with the aid of the photographic plate, shows 
increasing galaxies to the 22nd or 23rd magnitude — ^the total 
number thus revealed being variously estimated at from 30,000,- 
000,000 to 100,000,000,000. Modern studies, particularly by 
Pickering, of Harvard, developed a photometric scale, by which 
stars are classified as to fractional magnitude. A visual photom- 
eter makes possible the measurement of a difference of about one- 
tenth of a magnitude, but the photoelectric photometer detects 
one-himdredth of a magnitude difference. Following a suggestion 
of Pogson, a first magnitude star is regarded as precisely one 
hundred times brighter than a sixth magnitude star. The scale 
is by geometric progression. A star that is one magnitude brighter 
than another is 2.512 times brighter; while if two magnitudes 
brighter it is the square of that number (2.512®). This value 
2.512 is called the magnitude ratio, or light ratio. As stars orig- 
inally classed as of first magnitude differ among themselves in 
brightness, a plan was adopted of extending the scale negatively. 
Thus the first magnitude stars Altair (0.9) and Aldebaran (i.i) 
are close to unity, but Vega and Sirius are much brighter. So 
Vega, which is 0.8 magnitude brighter than Altair, has a magni- 
tude of o.i, and Sirius, which is 2,5 magnitudes brighter than 
Altair, is of magnitude minus 1.6. The scale continues nega- 
tively for the planets, and culminates with the sun, which has a 
magnitude of about minus 26.7. 

The stars of the accompanying table are arranged in the order 
of their right ascension, or longitude, so that their sequential 
position from west to east is indicated. The table shows declina- 
tions (latitude) also, so that the general position of the star may 
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be readily located. In the sky, the two stars making the rim of the 
Big Dipper are about ten degrees apart — so this serves as a 
yard-stick to give one a general idea of star distances. The pole 
star is at an angular distance above the northern horizon equal 
to the latitude of the place of observation — ^which serves as a 
larger yard-stick. The zenith, of course, is 90 degrees from the 
horizon. Mars or Jupiter if visible will serve to locate the ecliptic. 
The list of first magnitude stars follows: 

THE FIRST MAGNITUDE STARS 

(Arranged in order of Right Ascension. Declinations are also given, so that the 
stars may readily be located.) 

Right Dedin- 

Ascension ation Magni- Spec- 


No. Star 

Constellation 

1900 

1900 

tude 

trum 



H 

M 





1 Acheniar. . . 

. Eridanus 

I 

34-0 

-57° 

45' 

0.6 

Bs 

2 Aldebaran.. 

. Taurus 

4 

30.2 

4-16 

18 

I, I 

KS 

3 Capella. . . . 

. Auriga 

5 

9.3 

+45 

54 

0.2 

Go 

4 Rigel 

. Orion 

S 

9.7 

- 8 

19 

0.3 

B8 

5 Betelgeuse.. 

. Orion 

5 

49.8 

4- 7 

23 

o.d — i .2 

Mo 

6 Canopus . , . 

. Carina 

6 

21.7 

"52 

38 

-0.9 

Fo 

7 Sirius 

. Canis Major. . 

6 

40.7 

—16 

35 

— 1.6 

Ao 

8 ProcyoE. . . . 

. Canis Minor. . 

7 

34.1 

+ s 

29 

0.5 

r5 

9 Pollux 

. Gemini 

7 

39*2 

■f28 

16 

1.2 

£0 

10 Regulus 

. Leo 

10 

30 

+ 12 

27 

1*3 

B8 

II Alpha Cruds 

. Crux 

12 

21.0 

— 62 

33 

1.0 

Bi 

12 Beta Cruds. 

. Crux 

12 

41.9 

"59 

9 

1-5 

Bi 

13 Spica 

. Virgo 

13 

19.9 

—10 

38 

1.2 

B2 

14 Beta Centauri Centaurus 

13 

S6.8 

"59 

S3 

0.9 

Bi 

15 Arcturus 

. Bootes 

14 

II. I 

+19 

42 

0.2 

Ko 

16 Alpha Centauri Centaurus, . . . 

14 

32.8 

—60 

2$ 

0.3 

Go 

17 Antares 

. Scorpius 

16 

23-3 

-26 

13 

1.2 

Mo 

18 Vega 

. Lyra 

18 

33-6 

+38 

41 

O.I 

Ao 

19 Altair 

. Aquila 

19 

4S'9 

+ 8 

36 

0.9 

As 

20 Deneb 

. Cygnus 

20 

38.0 

+44 

55 

1-3 

A2 

21 Fomalhaut. . . 

. Pisds 








Austrinus 

22 

52. 1 

“30 

9 

1.3 

A3 


Adapted from 

"Fundamentals of Astronomy,” Mitchell-Abbot. 
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Mass-lurmnosity law. The relation between the mass of a star 
and the amount of energy radiated by it has been estimated 
by Eddington, covering a range of absolute magnitude between 
minus 4 and plus 13, and a range of mass from about one-sixth 
to 25 times the sun’s mass. He establishes a curve based on theo- 
retical considerations, which agrees well with the absolute magni- 
tudes and masses of known stars. Therefore there appears to be 
a definite physical relationship between the mass of a star and 
its luminosity, which will make possible the calculation of one if 
the other is known. The absolute magnitudes i, $, o, and minus 4 
correspond to the masses 0.3, 0.7, 3.4, 25 times the sun’s mass, 
respectively. 

Meridian. An imaginary plane including the earth’s poles and 
extending to the celestial sphere. The theoretical number of me- 
ridians is almost infinite, but the meridians of practical impor- 
tance for navigation are numbered in degrees from i to 180 east 
and west of Greenwich, England, the position of zero meridian. 
The sun, circling the globe in 24 hours, necessarily compasses 15 
degrees in an hour. So for the computation of standard time, 
the isth, 30th, 4Sth, 60th, and sequential meridians at intervals 
of 15 degrees are the critical meridians for the adjustment of the 
standard clock. Longitudes may therefore be named either in 
degrees or in hours. Thus s hours west longitude is represented 
by 75 degrees. The “local meridian” is at the zenith of the point 
of observation. 

Meteorite. An object that falls from the skies, out of the 
depths of space. Meteorites are composed of terrestial elements, 
many of them being largely alloj^ of iron and zinc, others being of 
the character of rocks, allied to granite and basalt. Meteorites 
have peculiar interest because they are the only objects that come 
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to US from an extra-terrestrial source. They are believed to be 
fragments of “world-stuff” that may in some cases represent dis- 
membered comets. Astronomers are not fully agreed as to whether 
meteorites are of one substance with the so-called meteors, or 
shooting-stars, which flash through the upper atmosphere and 
are there vaporized. 

Nodes of an orbit. The points at which the plane of an orbit, 
intersect with the plane of the earth’s orbit; or, in case of the 
moon, the point at which the orbit of the plane intersects with 
the plane of the earth’s equator. 

Opposition of a superior planet. The position at which the 
planet is in line of the earth and sun. This is obviously the posi- 
tion at which the planet is nearest the earth, giving best oppor- 
tunity for observation. Mars in opposition has long been used for 
parallax studies, to determine indirectly the sun’s distance. The 
little asteroid or planetoid, Eros, comes nearer the earth even 
than Mars, when at opposition, owing to the extreme ellipticity 
of its orbit. Therefore Eros offers exceptional opportunity for 
parallax studies. Special expeditions were formed to test the 
parallax of Eros in 1901. 

Parallax. The angle subtended at a star by the radius of the 
earth’s orbit is called the parallax of the star. The largest paral- 
laxes known are 0,76 seconds, shared by two stars, the double 
star Alpha Centauri and an eleventh magnitude star about 2.2 
degrees from it, which may or may not be ph3^ically connected 
with it. Parallaxes determined by direct telescopic observation 
are called trigonometric parallaxes. Spectroscopic parallaxes de- 
pend on the study of the relative intensities of certain pairs of 
lines in the star-spectra. The method was developed at the Mt. 
Wilson Observatory by Adams and Kohlschiitter. 
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Perihelion. The point of a planetary orbit that is nearest the 
main focus of the ellipse. Our earth is in perihelion about the 21st 
of June, being then farthest from the sun. The opposite of peri- 
helion is aphelion. 

Planets. Members of the sun’s family. The planets known to 
the ancients were Mercury, Venus, Mars, Jupiter and Saturn. 
The earth of course was not then recognized as a planet. Toward 
the close of the i8th century the planet Uranus was discovered 
by Herschel, and toward the middle of the 19th century the planet 
Neptune. Trans-Neptimian planets were suspected to exist. One 
was discovered in January, 1936, at Lowell Observatory. The 
minor planets, called asteroids or planetoids, occupying a posi- 
tion between Mars and Jupiter were xmknown until the first 
day of the 19th century, when the first one was discovered by 
the Italian astronomer, Piazzi. Many hundreds of these little 
planets are now known. The following table gives the sizes, dis- 
tances from the sun, and the periods of revolution of eight major 
planets only; data not being as yet available for the ninth. 


Dis- 

tances 

from 

sun. 

Earth’s 


Planets i. 

Mercury 0,4 

Venus 0.7 

Earth i.o 

Mars 1.5 

Asteroids 3.o=t 

Jupiter 5.2 

Saturn 9.5 

Uranus 19.2 

Neptune 30.1 


Num- 
ber of 

Satel- Mean dis. from 
lites sun in miles 
o 36,000,000 

0 67,000,000 

1 93,000,000 

2 141,000,000 
280,000,000 

9 483,000,000 

9 886,000,000 

4 1,780,000,000 

2,790,000,000 


Periods 


of Rev- 


olution 


round 


sun in 

Diameters 

years 

in miles 

0.25 

3 >000 

0.63 

7,700 

1.0 

7,920 

1.8 

4,200 

3 to 9 

xo to 490 

II. 9 

87,000 

29-5 

72,000 

84.0 

32,000 

165.0 

35,000 
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Prominences of the sun. Spectacular protrusions that extend 
out from the border of the sun, and are particularly visible at an 
eclipse. Sir Norman Lockyer, the English astronomer, devised a 
method of studying the prominences spectroscopically under or- 
dinary conditions, and in the light from the prominence discov- 
ered lines of a new element, which he named Helium. The same 
lines were independently observed at about the same time by 
the Frenchman Janssen through study of the chromosphere at 
an eclipse in India. 


r — err'- He 
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Fig. 103. 


Redtfction of a star’s position. When the position of a star has 
been accurately observed, modification of the apparent position 
must be made in order to find the true position. Allowance must be 
made for atmospheric refraction, particularly if the star is not 
very near the zenith (taking account of temperature and humid- 
ity), for the earth’s motion, both orbital and rotational, for abora- 
tion of light, and for nutation. For purposes of comparison with 
earlier star-charts, proper motion due to the transitional flight of 
the solar system must also be considered. The formulae for “reduc- 
tion” were developed largely by the German astronomer Bessel, 
who first imequivocally determined the parallax of a star. 

Refraction. The bending of the ra3rs of light on passing from 
one medium to another is strikingly illustrated by thrusting a stick 
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slantwise into the water. A similar bending occurs when light 
comes from outer space into the earth’s atmosphere. The astro- 
nomical observer must take this into accoimt, particularly when 
the object observed is near the horizon. Refraction is there so 
marked that the displacement amounts to upward of half a 
degree, so that when the sim seems to rest with its lower limb 
just at the horizon, the entire body of the sun is really below 
the horizon. At an elevation of 45 degrees, however, the refrac- 
tion ordinarily amounts to only about one minute of arc, and 
when the star is very close to the zenith, refraction almost dis- 
appears. 

Refracting telescope. A telescope that uses glass lenses instead 
of a reflecting mirror. This until the time of Herschel was 
the only telescope prominently used. The great refractors, such 
as that at Lick Observatory, with 36-inch lens, seem to ap- 
proach the limit of magnitude for telescopes for this class, at 
least under existing conditions of optical science. Reflecting tele- 
scopes are made much larger, that of Lord Rosse, at the middle 
of the 19 th century, having a six-foot speculum. The greatest 
reflector at Mt. Wilson has a 1 00-inch mirror. The construction 
of a reflector with 200-inch mirror was contemplated in 1930, 

Relativity. The famous relativity hypothesis of Professor Albert 
Einstein attained extraordinary prominence and gained an enthu- 
siastic following on the part of many of the most prominent 
mathematical astronomers of the early 20th century. No one has 
been able to state the full implications of the theory at once 
briefly and clearly. It was founded, however, upon tangible ex- 
periments, and the only methods suggested for its testing are 
astronomical methods. The ether-drift experiments of Michelson 
and Morley, made in 1887, not reveal as large a displace- 
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ment of the ether as had been eapected, though they were not 
negative, as is conunonly reported. Professor Einstein, however, 
regarded them as negative, and, declaring that such a test could 
never be successful, developed his relativity hypothesis, accord- 
ing to which the length of measuring instruments is shortened 
in the direction of movement in direct proportion to the rapidity 
of the movement — so that light will appear to tahe the same time 
in traveling longitudinally and transversely. The astronomical 




From Time and Relativity , by Prof. Charles Lane Poor; pp. 20~zi, 


A. The Eclipse Observations. 

This figure shows the relative dis- 
placements of 92 stars as observed by 
Campbdl at the total solar eclipse of 
September ax, 193a, and is from a direct 
tracing of the star chart in Lick Observ- 
atory Btalletin, No. 346. In that chart, 
however, the displacements of ax stars 
were omitted: these have been added to 
make the above diagram complete. 


B. The Einstein Prediction. 

This figure shows the theoretical Ein- 
stein displacements of the 9a stars ob- 
served by Campbell. By comparing these 
Einstein displacements with those ob- 
served by Campbell one may form a dear 
idea as to the truth of relativist's re- 
peated assertions: ‘‘These results (Camp- 
bell’s) are in exact ^ accord with the 
requirements of the Einstein theory.” 


Fro. 104. — Solar Eclipse Observations of September 21, 1922. (From 
charts by Prof. Charles Lane Poor, said to be based on Lick Observa- 
tory Bulletin No. 346.) Ninety-two stars are compared as to their 
observed displacement in contrast with the displacement predicted by 
the Einstein formula. 


tests of the theory, proposed by Professor Einstein himself, are 
(i) explanation of the modified perihelion-shift of the planet 
Mercmry; (2) observation of the apparent shift of position of 
stars whose lig^t comes near the sun, as noted in an eclipse; 
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and (3) shift of the spectrum lines toward the red when light 
issues from a body of great mass. Professor Charles Lane Poor 
appears to demonstrate that the Mercury-perihelion test is alto- 
gether inconclusive, and that the star-shift test fails utterly to 
demonstrate any such modification of the light waves as the 
Einsteinian prediction calls for. Professor Dayton C. Miller, 
working at Mt. Wilson at an elevation of 6000 feet, appears to 
demonstrate the ether drift, notwithstanding the declaration of 
the author of relativity theory that such a demonstration cannot 
be made. The theory seems therefore to lack the support in 
tangible experiment it was supposed to have. The third test, 
however, is believed by many spectroscopists to have been met 
successfully, particularly in study of the spectrum of the white 
dwarf star known as the companion of Sirius. Whatever the 
ultimate estimate of the theory of relativity, it has had tre- 
mendous influence on the mathematical astronomers of our time. 

Right Ascension. The term used for the equivalent of longitude 
showing the meridional position of a celestial body. Right ascen- 
sion is calculated eastward throughout the entire 360 degrees, 
from the meridian of the vernal equinox, or that which passes 
through the point of intersection of the planes of the earth’s 
equator and the ecliptic. Right ascension, like longitude, may be 
stated in terms of degrees or of hours — one hour representing 
15 degrees. It is somewhat confusing that minutes and seconds 
are also used in either case; for of course, since one hour rep- 
resents 15 degrees, a minute of time is very different from a 
minute of arc. The sun or a star crosses one degree of arc in four 
minutes of time. One-fourth of a degree of arc, or 15 minutes of 
arc, therefore, equal one minute of time. 

Satellite. The attendant of a planet, of which our moon is the 
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type. In comparison with the earth, the moon is much larger than 
is any other satellite in comparison with its planet. But several 
of the satellites of the system are larger than the moon. Had 
the satellite of Mars been comparable to the moon in size, so that 
they could be observed with the naked eye from the earth, it is 
more than possible that the ancients would have conceived the 
idea of the heliocentric system. But since all the satellites are 
telescopic, the object lesson was not given imtil Galileo turned 
his telescope on the planet Jupiter. 



Fig. ioj. — ^The Operation of the Sextant. (Adapted from Smart’s 
The Sim, the Stars, and the Universe.) The image of the sun or a star 
is brought to the horizon, and the pointer indicates the elevation. At 
zero of the scale, the two mirrors are parallel. 


Sextant. The instrument used by navigators to determine the 
altitude of the sun or another celestial body. The instrument is 
aimed at the horizon, and is so constructed that a reflected image 
of the sun or star may be brought to the horizon, a graduated 
scale, read with a microscope, revealing the exact angle of alti- 
tude. The angle really used in the subsequent calculation is not 
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the angle of altitude, but the complementary angle of the zenith- 
distance — sometimes spoken of as the “zenith angle.” The navi- 
gator measures the altitude directly, because he can focus on 
the horizon, but has no correspondingly accurate measure method 
of determining the vertical. The astronomer, in determining the 
position of a star, measures the zenith-distance angle directly, 
since he can determine the vertical with plumb-line and double- 
level. The Greek astronomer, Eratosthenes of Alexandria, recog- 



nised that the zenith-distance angle is equivalent to the angular 
distance along the earth’s surface between the point of observa- 
tion and the point at which the star or sun is directly at the 
zenith. This principle is used by the navigator in determining 
his location, since the positions of numerous stars are given in 
the Nautical Almanac, which he always consults in completing 
his calculations. The sextant, which measures the position of 
the celestial body, was developed in modern times, but is the 
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outgrowth of the old quadrant and cross-staff and astrolabe used 
in antiquity and in particular by the mediaeval Arabs. 

Spectroscope. An instrument for splitting up the rays of light 
and spreading them out into a spectrum the so-called Fraunhofer 
lines of which reveal the chemical composition of incandescent 
gases from which the light comes or gases through which it 
shines. The original spectroscopes were prisms of glass. Another 
type of spectroscope, utilizing finely ruled lines on a metal sur- 
face, was perfected by Professor Rowlands of Johns Hopkins 
University. The spectroscope reveals not only the chemical com- 
position of stars, but movement of stars in the line of sight. 
If the star is approaching, the Fraunhofer lines are shifted to- 
wards the violet end of the spectrum. If the star recedes, the 
shift is toward the red end. The observer calculates from the 
amount of shift the rate of movement of the star. Binary sys- 
tems of stars are also revealed by the doubling of a spectrum 
line as the stars shift position. Modifications of lines are also 
interpreted in terms of stellar parallax. The spectroscope, par- 
ticularly in conjunction with the photographic plate, has become 
an observatory adjunct only second in importance to the telescope 
itself. 

Stars, numbers and distance of. Investigations of Scares and 
Van Rhijn at the Mt. Wilson Observatory led to the estimate 
of the total number of stars of the 21st magnitude as approxi- 
mately one billion. No satisfactory way of determining the limit- 
ing magnitude of the faint stars nor their total number was 
developed, but theoretical investigation indicated that the total 
number of stars revealed by the largest telescope (the 1 00-inch 
mirror at Mt. Wilson) at present in use is of the order of 30 
billion. Other estimates have made the number much larger, but 
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the matter is hardly significant. The difference between 30 billion 
stars and 100 billion is only a matter of words. The total light 
of all the stars in the sky is estimated by the Mt. Wilson ob- 


NUMBER OF STARS BRIGHTER THAN GIVEN VISUAL 
MAGNITUDES 


(According to Drs. Scares and Van Rhijn) 


Visual 

Total No. 


Magnitude 

of Stars 

Ratio 

4 

53 ° 

31 

S 

1,620 

3-0 

6 

4.850 

3-0 

7 

14,300 

2.9 

8 

41,000 

2.8 

9 

117,000 

2.8 

10 

324,000 

2.7 

II 

870,000 

2.6 

12 

2,270,000 

2.5 

13 

5,700,000 

2.4 

14 

13,800,000 

2.3 

15 

32,000,000 

2.2 

16 

71,000,000 

2.1 

17 

150,000,000 

2.0 

18 

296,000,000 

1.9 

19 

560,000,000 

1.7 

20 

1,000,000,000 
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servers as the equivalent to 1076 stars of magnitude i.o. The 
uncertainty in the total number does not affect this value greatly, 
as the stars magnitude greater than 21 furnish 98 percent of 
the total light. As to distance, stars range from 4.3 light-years 
to thousands of times that. Only 8 or 10 stars are within 16 light- 
years of the earth. Path names a few of the nearest, including 
Alpha Centauri (4.3), Barnard’s proper-motion star (6.0), Van 
Maanen’s proper-motion star (8.0) Sirius (8.6), Procyon (10), 
61 Cygni (ii), and Altair (16). There is evidence. Path adds, 
that some of the most distant stars may be as much as 1,000,000 
light-years away. It would hardly be claimed, however, that the 
evidence for such distances is comparable in authenticity with 
the measurements of the comparatively short distances. 

Stars, sizes. Where stars differ enormously in both apparent 
and actual brightness, there is no corresponding difference in 
mass, according to the calculations of Professor Eddington. He 
estimates that, in general terms, a star will not become luminous 
if it is less than about one tenth the size of the sun, and will not 
hold together if it is more than about 100 times larger tlian the 
sun. There is a balance between gravitational force and the 
force of radiation, the latter tending to dissipate the substance 
of the gaseous star. Stars are of extreme brightness when they 
are in a gaseous condition, and therefore exceedingly bulky. 
A dwarf star, like the white companion of Sirius, may have an 
exceedingly bright surface, but its total luminosity is slight, be- 
cause of its small bulk. The fact that all stars are of comparable 
size is one of the most striking developments of Eddington’s 
mathematical appraisal of star conditions. 

Telescopes. Telescopes are of two types, refracting and re- 
flecting. Refractors consist essentially of glass lenses so ground 
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and adjusted as to minimize the spherical and chromatic aberra- 
tion. Reflecting telescopes have a parabolic mirror or speculum 
at the bottom of the tube, so that in using them the observer 
does not look toward the stars but at a reflected image. The 
famous instruments at Yerkes Observatory and at Lick Ob- 
servatory are refractors. The most famous instruments at the 
Mt. Wilson Observatory are the great 6o-inch and loo-inch 
reflectors. Each type has its own field of usefulness. 

Transit instrument. The meridian telescope and meridian circle 
telescope are instruments pivoted on very firm pillars in such a 
way that they can be rotated in the north and south line, but 
not laterally. By exceedingly delicate adjustment of the axles, 
the instruments are made to point directly to the meridian, or 
as nearly so as is mechanically possible. A spider-web line at 
the center of the field enables the observer to note the exact 
instant when a star reaches the meridian. He records the moment 
by pressing a button which registers a mark on the chronograph. 
The meridian instrument is one of the most important parts of 
the equipment of most observatories. It performs a function, in 
locating the precise position of a star, that no other instrument 
can duplicate. An instrument that is to be used for following 
the movements of stars and photographing them must be mounted 
in a quite different way. An instrument that can thus swing about 
is said to be equatorially mounted. In the modern observatory, 
the movement of the telescope is determined by clock work, so 
that the instrument follows the movement of a star, and the image 
of the star is registered as a point on the photographic plate, 
even though exposure may have been for a term of many minutes, 
or even an hour, during which the star has apparently shifted 
position by many degrees. 
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Weight. The relative mass of an object as compared with the 
mass of the earth is called weight. Mass and weight are nearly 
synonymous terms, but not quite, inasmuch as the weight of an 
object would differ vastly if the weighing were done on other 
planets, or on the moon, whereas the mass would not change, 
being something fixed and invariable. For practical purposes, 
here at the earth’s surface, the words mass and weight are in- 
terchangeable. Yet even here it may be recalled that the weight 
of a given mass of any substance may vary appreciably if the 
weighing is done at different latitudes. Since the earth bulges 
at the equator, the distance of its surface there from the center 
of the globe is greater than the distance of the surface toward 
the polar region. Therefore a “pound” of anything would weigh 
less at the equator than it would, say, in Alaska. The discrep- 
ancy was first discovered by an astronomer who took to the 
equatorial region a clock the pendulum of which beat seconds 
in France, but was found to swing more slowly in the tropics. 
The rate of swing of the pendulum may be used to measure alti- 
tudes, on the same principle. The matter making up the crust 
of the earth weighs less than the matter toward the center of the 
globe, the total mass of the earth being more than twice what 
it would be if it were composed exclusively of such rocky sub- 
stance as makes up the crust. 

Year. The year is the period required by the earth to make 
a complete circuit of its orbit. Unfortunately this is not an exact 
number of times its period of rotation. Hence the difficulty that 
calendar-makers have experienced in all ages. The anomalistic 
year is equal to the interval between two successive passages of 
the earth through perihelion. It is about five minutes longer than 
the sidereal year, which is the interval between the sun’s succes- 
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sive passages of fie same star. The mean solar year, or the 
interval between two successive vernal equinoxes, is shorter by 
about twenty minutes than the sidereal year, owing to the preces- 
sion of the equinoxes. The mean solar year is the year of every- 
day life. The astronomer’s year is the sidereal. 

Zenith. The point directly overhead, as practically determined 
by the imaginary extension of the plumb-line. Otherwise stated, 
a radius of the earth extended from the point of observation. 
Naturally the zenith changes for any individual observer with 
every change of his position. The location of the zenith is ex- 
ceedingly important in astronomical observations, since the posi- 
tion of a star, in declination, is determined by measurement of 
its angular departure from the zenith. The importance of this 
angle for purposes of measurement of arcs of the earth’s sur- 
face was understood by Eratosthenes, the Alexandrian Greek who 
first measured the size of the earth. The amateur may study 
the angular distance of the sun from the zenith — conveniently 
spoken of as the “zenith angle” — ^by adjusting a peg or nail 
vertically on a level surface, so that the shadow is clearly de- 
fined. The angle then actually measured is not the zenith angle 
itself but its opposite. But of course opposite angles are equal, 
so the two things are equivalent. The angle observed, according 
to the Eratosthenes principle, shows the angular distance along 
the earth’s surface of the so-called sub-solar spot, or point di- 
rectly below the sun at the moment of observation. For example, 
if the angle is 6o degrees, this shows that the sub-solar spot is 
6o degrees distant. And since a degree is approximately 69 miles, 
this is equivalent to saying that the place where the sun is on 
the zenith is (60 times 69) 4140 miles distant. This is essentially 
the principle utilized by the navigator in determining his position 
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as to latitude and, with the aid of a chronometer, as to longitude. 
Much of the work of government observatories is directed to the 
calculation of the exact positions of sun, moon, and a large num- 
ber of conspicuous stars year by year, to furnish the tables of 
the Nautical Almanac without which safe navigation would be 
impossible. 

Zenith-angle. The angular distance of the sun from the zenith, 
referred to under the preceding heading. In the text we saw 
Eratosthenes measuring this angle, and thereby measuring the 
earth itself. Anyone may imitate his example, and a good deal 
of amusement may be gained by the process. Of course no one 
nowadays need care to measure the earth, but it may be amusing 
to measure one’s own location on the earth — determining for 
oneself the latitude and longitude of the place of observation. 
It is also of interest to reverse the process, and determine time 
by observation of the sun’s zenith angle. In fact, an entire series 
of amusing experiments, or even games, may be developed 
through utilization of the Eratosthenes principle. This principle, 
it will be recalled is that the sun’s angular distance from the 
zenith (called here the zenith-angle) represents also the angular 
distance along the earth’s surface between the observer and 
the sub-solar spot. This simple principle is the only one that 
must be borne in mind. Its application gives opportunity for the 
experiments just referred to. The zenith angle may be measured 
with an upright peg or nail (“gnomon”), as Eratosthenes meas- 
ured it, and as is suggested in the preceding reference. But there 
are several other methods equally simple. Some of these are here 
illustrated. One of the most interesting is to use .your watch as 
an astrolabe, a purpose for which it is admirably adapted, since 
its circumference is divided into degrees, and the hands serve 
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as pointers. If you hold the watch with its edge toward the sun, 
just oblique enough so that the sun strikes across the dial, the 
watch being suspended, the upright diameter (hour XII to hour 
VI) gives the vertical, and a shadow cast across the center of 
the dial by a pencil held horizontally enables you to read the 
zenith angle directly. Or one of the hands of the watch may be 
manipulated to point directly at the sun (so that the shadow 



Fig. 107. — ^The Sun’s Zenith Angle. Five simple ways to determine 
the sun's altitude at a given moment, and thereby to estimate, either 
directly (watch. Protractor-like dial) or by subsequent measurement, 
the Zenith Angle — ^which is here an angle of 40 degrees in each case. 

disappears behind the hand), thus indicating the angle, and en- 
abling you to read it as readily as you tell time by the watch. 
Suppose, for example, the hour is precisely ten, and, holding up 
the watch, you find that the hour hand points directly to the sun. 
This indicates that the sun’s zenith distance is 60 degrees — and 
that therefore the sub-solar spot is 60 degrees away at the sur- 
face of the earth. You virtually survey this distance by glancing 
at your watch. You know that an airplane, flying 69 miles (the 
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length of a degree) per hour would require 60 hours to fly to 
the spot directly beneath the sun’s present position. This knowl- 
edge enables you to devise various puzzles, or experiments, as 
already suggested. Two or three of these are here illustrated. 
It may amuse you to develop others for yourself. The illustrations 
will show that photographs may be used for the same purpose, 
provided a shadow is shown distinctly, and that the picture was 
taken with the line-of-sight of the camera at right angles to the 
direction of the sun’s rays. But full explanations are given in 
the captions to the pictures themselves. 



Fig. 108. — Sun’s Zenith-Angle Test Illustrated. Explanation: Zenith 
angle 60 degrees. Sun on Tropic of Capricorn, 23.5 degrees beyond 
Equator. Location of picture therefore (60 minus 23.5) about 36.5 
North latitude. At ^^8 P.M. Greenwich” the sun is on Meridian 120 
(8 times 15) West. Parallel 36.5 North and Meridian 120 West inter- 
sect in central California. 

Zodiac, The zodiac is about sixteen degrees wide, eight degrees 
on each side of the ecliptic. The name is from the Greek, de- 
rived from the fact that the constellations in this belt, with one 
exception (Libra) are figures of animals. The conception of 
the zodiac itself is derived simply from the fact that the moon 
and planets known to the ancients never go farther than 8 de- 
grees from the ecliptic, which is the plane of the earth’s revolu- 
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tion about the sun. The so-called signs of the zodiac were 
originally of unequal length, but Hipparchus unified them, mak- 
ing each 30 degrees in length. The signs are still used and the 
constellations bear their original Greek names, or Latinized forms 
of them, though the precession of the equinoxes has shifted the 
relations of signs and constellation. The spring constellations are 



Fig. 109. — Sun’s Zenith-Angle Puzzle. Answer; Point Barrow, 
Alaska. (Explanation; The midday zenith angle, about 48 degrees, 
indicates a location about 48 degrees north of the Tropic of Cancer 
(where the sun is) — that is to say, about 71 degrees North latitude. 
The region of Point Barrow (71.4 North) is the only such location on 
the continent. 

Aries, Taurus, and Gemini; the summer constellations. Cancer, 
Leo, and Virgo; the autumn constellations Libra, Scorpius, and 
Sagittarius; the winter constellations Capricornus, Aquarius, and 
Pisces. The animal figures which ornamented many of the i8th 
century star-charts, and even more modern ones, were drawn by 
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notable artists of the periods. It is more than likely that the 
original star-chart of Ptolemy had equally attractive ones by 
Greek artists, but the ancient manuscripts have not been pre- 
served, and the copyist of later generations did not of course 
make facsimile reproductions. The modern astronomer defines 
the position of stars according to Declination and Right Ascen- 
sion (the equivalents of latitude and longitude), instead of say- 
ing, as an ancient astronomer would say, “the star in the heart 
of the lion,” or the “star at the tip of the lesser bear’s tail.” Yet 
the names of the constellations are retained, notwithstanding the 
obvious inconvenience of having constellational areas of such 
irregular bounds. After all, this is not very different from the 
retention of irregular boundaries for States and Countries, where 
there is no natural landmark. In each case there are practical 
reasons why it would be difficult to break with tradition. 


C 

CHARTS OF THE CONSTELLATIONS 

T he most famous of ancient star-charts was that of Hip- 
parchus, which was preserved and extended by Ptolemy, 
and by him transmitted to the Arabs, who subsequently brought 
it to Spain, where it stimulated the astronomers of Alfonso X. 
to make star-charts that appeared under title of the Alfonsine 
Tables. The greatest chart-makers after the revival of interest 
of astronomy in central Europe in the i6th century were Tycho 
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Brahe and John Bayer. The latter was a Bavarian, who is es- 
pecially to be remembered, not only for the accuracy of his 



Fig. no. — The Time by a Handless Watch. Answer: Twelve 
o’clock, Noon, Eastern Standard Time. Explanation: Zenith angle, 
about 63 degrees. Sun near Tropic of Capricorn, about 23 degrees 
beyond the Equator. Philadelphia is at 40 degrees North latitude. So 
on this day the zenith angle could not be smaller than 63 degrees, 
and must be larger except when close to local meridian. Philadelphia 
is on the 75th meridian (five hours west of Greenwich), and on Christ- 
mas day the sun is exactly on time; so — ^within the limits of accuracy 
of the measurement — the hour is shown as precisely 12 M. Eastern 
Standard Time, or $ P.M. Greenwich. 

(If the watch hangs perfectly vertical, and the shadow is carefully 
gauged, this handless watch may show the time at least as accurately 
as the average watch used in the ordinary way. Accuracy depends on 
holding the shadow-casting card or pencil exactly level (horizontal), 
and noting that the edge of the shadow is precisely as far from VI 
below as from XII above, and thus passes through the center of the 
dial. Any hour when the sun shines may be similarly gauged, with 
the aid of a map or globe. Thus to tell the time with a handless watch 
is in itself a rather amusing stunt. It works anywhere, if you know 
your location.) 
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observations, but for the introduction of a new system of star- 
naming, which all astronomers were to use in future. 

Bayer was a preacher, whose eloquence made him known as 
the “mouth piece of Protestantism.” His famous Vranometria, 
published in 1603 was by far the most comprehensive star-chart 
to appear in pre-telescopic day. It gave the approximate positions 
and magnitudes of some 500 stars in addition to the 777 which 
formed the renowned catalogue published by Tycho Brahe only 
one year earlier. 

Bayer’s chart, it will be understood, was a record of stars 
as they are seen in the sky, with no implications as to the nature 
of the firmament in which the stars appear. His chart, however, 
did have this particularity: it presented the conventional tradi- 
tional figures of the constellations — Big Bear, Little Bear, and all 
the rest — as they would appear when viewed from the earth, and 
not in the reverse position hitherto given them — as if viewed 
from the fictitious outer surface of the imaginary celestial sphere. 

The American astronomer, B. A. Gould, himself the author 
of a celebrated South American star-chart (Uranometria Ar- 
gentina) commenting on this, notes that this change, obviously 
a betterment, by no means commended itself to the astronomers 
who came after Bayer, but on the contrary was vehemently criti- 
cised, because it implied a reversion of some of the figures, thus 
interchanging right and left. 

No doubt this was an inconvenience, accounting for the protests 
of Hevelius and of Flamsteed, both of whom made notable addi- 
tions to the work of star-charting, after telescopes had brought 
new cohorts to view. 

Flamsteed even attributed the inversion to a supposed mis- 
interpretation of Ptolemy’s phraseology. Other critics thou^t 



Bayer had merely erred through overlooking the inversion pro- 
duced by printing from an engraved plate in reproductions of 
Ptolemy’s early catalogue. So the Bavarian innovator was more 
criticised as a bungler than credited with a conscious improve- 
ment of the art of star-mapping. 

A second innovation, however, was given more cordial recep- 



Fig. III. — ^The Sun’s Altitude December 21 at Seven Locations. 
Composite picture of Zenith-angle records that might conceivably 
be made on the same day: (A) at the South Pole, by Admiral B3nrd, 
at any hour of the day; (B) at local noon successively at each of the 
world’s six largest cities. 

Note that the sun’s altitude at noon is lower at three of the six cities 
than at the pole. Even at New York and Chicago, the Christmas-Day 
sun would only for a brief period at mid-day rival the brightness of the 
sun shining throughout the day at the South Pole. (The altitude is, of 
course, 90 degrees, less the zenith angle.) 

tion. At all events, it was accepted ultimately, and remains to 
this day the standard method of nomenclature. This is the ex- 
pedient of designating the stars in a constellation, somewhat 
in the order of their brightness, by the letters of the Greek al- 
phabet. After these are exhausted, the Latin alphabet is intro- 
duced. Subsequently, if necessary, the stars are numbered, 
(Flamsteed’s Chart used numbers from the outset.) 
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It is due to this Bavarian contemporary of Galileo that any 
one who today wishes to speak about stars must be able to 
recognise the letters of the Greek alphabet and pronounce their 
names. Doubtless it did not occur to the innovator that the 
time might come when there would be highly educated people 
in the world who would have no other need of that alphabet. 

It is obviously convenient, for example, to name Bradley’s type 
star as Gamma Draconis, instead of having describe it as one 
of the brightish stars in the constellation Dragon. Only of course, 
it becomes necessary also to remember your Latin genitives. 
But that also was something that Bayer never dreamed anyone 
would ever forget. 

Names aside, Bayer’s chart constituted a map of the heavens, 
as visible to the naked eye, that all subsequent star-gazers were 
to find of inestimable value. Of course the locations of stars 
were only approximate, since accurate location became possible 
only after eyes had been sharpened by the telescope. The stars 
even of the keen-eyed Tycho averaged wrong by two minutes 
of arc. 

Keen eyed. But for the matter of that, even the much improved 
celestial maps made with the use of the telescope, including those 
of Hevelius and Flamsteed, were rendered suspect — or rather 
shown to be positively unreliable — ^by the work of Bradley. If 
aberration shifts a star by twenty seconds of arc from its true 
position when the earth is moving in one direction, and shifts it 
back and as far the other way when the earth is at the opposite 
side of its orbit — ^with intermediate shifts between — ^it is obvious 
that any given observations to record the position of that star 
must be dated, else it is valueless, for really accurate comparison. 

If dated, the observation may be corrected for aberration, as 
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well as for nutation. But even this may not be sufficient, unless 
a record was kept also of the barometric and hydrometric con- 
ditions of the atmosphere, which would modify the refraction of 
light, which makes still another shift in the star’s apparent 
position. 

Then, of course, to complete the outline of the story, there 
are the varied movements of the earth to be taken under con- 
sideration — ^the fact that an observer on the earth’s surface does 



Fig. 112 . — The Principle of Eratosthenes Illustrated. See question 
on the drawing. Answer: 6o hours for leg A-B; 30 hours for leg B-C; 
32 hours (122-90) for leg C-A. (This puzzle is exceedingly simple if 
you know the Eratosthenes principle; but otherwise exceedingly diffi- 
cult, if not impossible of solution.) 

not travel round and round, but forward in a sort of cork-screw 
spiral. 

All in all, the complications are so numerous that observational 
becomes a mathematical science. Flamsteed and Halley — ^not to 
mention Newton — ^were notable mathematicians. Bradley, how- 
ever, though by no means without mathematical training, was a 
better observer than calculator. And when he came to full pre- 
sentation of the intricacies of nutation, he sought the cooperation 
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of the French mathematical astronomer, D’Alembert for the 
completion of the tables. 

As illustrating the way in which astronomical data interlock, 
so to speak, it is worth noting that what is called the “constant” 
of the aberration of light, as determined by Bradley, may be 
utilized, if the speed of the earth’s orbital motion is known, to 
calculate the speed of transmission of light itself. Or, contrari- 
wise, the speed of light being known, the orbital speed of the 
earth may be calculated from the aberration constant. 

And since the orbital speed of the earth depends on the earth’s 
distance from the sun, it follows that this distance — ^which is 
used as the yard-stick for all planetary measurements — ^may be 
determined by the aberration formula. 

That is to say, by pointing a telescope at a star, and noting 
the amount of its shift from a previously determined location, 
the distance of the earth from the sun may be computed. Not 
only so, but by many competent mathematicians, including Amer- 
ica’s greatest, Simon Newcomb, the aberration-of-light method 
is regarded as the best of all methods for determining this 
important distance. 

Modern charts. The value of the photographic plate for making 
star-charts was discovered almost by accident. Sir David Gill at 
the Cape of Good Hope Observatory was taking a photograph of 
a comet (1864), and in so doing discovered that the stars were 
registered on the plate. Soon astronomers everywhere were photo- 
graphing the starry vault, and presently a project was in hand for 
the photographing of the entire heavens by an association of as- 
tronomers in different parts of the world. It has been expected 
that this colossal task would be completed about the year 1933. 
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Whether the results will ever be published in full, is somewhat 
doubtful, owing to the great expense involved. 

Of course the average amateur is interested chiefly in the 
naked-eye stars — those from the first to the sixth magnitude. 



Fig. 113. — ^Location Determined by Two Zenith-Angee Tests. 

Explanation: Zenith angles of 30 and 44 degrees, with sun located 
on Tropic of Cancer near meridians 75 and 120 respectively. Circles 
of 30 and 44 degrees radius from these centers intersect in eastern 
Ontario at about the point named. Only at this location, then, could 
the two pictures have been taken, as shown, on that day, on the con- 
tinent of North America. (The second intersection of the circles falls 
just below the Equator. There is no third place on the globe where 
the watch could be — unless, of course, it were set for other than Eastern 
Standard Time.) 

Even the additional stars visible through an opera glass do not 
compete with the ones that are bright enough to show to the 
naked-eye as first, second, or third magnitude stars. 

If one knows these principal large-magnitude stars, one can 
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of course outline the constellations in a general way, because 
the constellations were devised to contain these stars — for the 
obvious reasons that the ancient astronomers had no telescopes. 

The charts here presented show all the constellations visible 
from middle latitudes of the northern hemisphere at one sweep. 
To avoid confusion, only the brighter stars are shown. After one 
has learned to recognise a few of the brightest, it is comparatively 
easy to go on to those of lower magnitudes. Three groups of 
stars known to everyone are the Big Dipper, the Pleiades, and 
the Belt of Orion. If one recalls that the two “pointer” stars 
(known to everyone as pointing to the pole star) lie almost on 
the ii-hour meridian, this will serve as a sort of point of de- 
parture from which to reckon. The northernmost star of the 
Belt of Orion lies on the celestial equator, at about five and 
a half hours right ascension. The two stars making the rim of 
the Big Dipper are about ten degrees apart, and the pointer 
nearest to the pole star is about 28 degrees from the pole. Other 
“yard-sticks” will suggest themselves as you become familiar 
with the stars. 

If you study the charts somewhat attentively, noting con- 
stantly the right ascension and declination of each important 
star, and in general terms the bounds of the more important 
constellations, your progress will be much more rapid than if you 
merely view the stars at random, without reference to their 
specific locations. 

Since, owing to the earth’s orbital movement, each constella- 
tion necessarily shifts round the entire circuit of the heavens 
in a year, the monthly shift is one-twelfth of 360 degrees, or 30 
degrees. A constellation that is directly overhead, or on the 
meridian at nine P.M., July 31st., wUl be 30 degrees west of 
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the meridian at the same hour of August 31st. Once you have 
located the constellations for any month, you will always know 
where to look for them by bearing in mind the meridional 
position. 

Of course the constellations necessarily swing westward around 
the circle of the heavens in 24 hours, owing to the earth’s rota- 
tion. And it is obvious that the shift for two hours on any given 
night will equal the monthly shift due to the orbital motion. 
That is to say, if you find a constellation directly on the meridian 
at nine P.M., you will find it 30 degrees west of the meridian 
at eleven P.M., of the same night. When you have learned to 
gauge angular distances, you will know where to look for the 
stars in accordance with these shifts, and you will be in position 
of one who in looking up to the heavens feels among old friends. 

No other single consideration will enable you to obtain this 
degree of proficiency with ans^ing like the facility that will 
result if from the outset you pay attention to the right ascension 
and declination — in effect the longitude and latitude — of the 
stars whose acquaintance you wish to cultivate. 

A word about the use of the charts. The first-magnitude stars 
are guide marks that should always be looked for in locating the 
constellations. If in doubt, squint through nearly closed lids, and 
the lesser stars will disappear, the big ones standing out. At twi- 
light of dusk or dawn the first-magnitude stars are visible when 
the sky is otherwise blank. At night a flashlight enables you to 
use the charts to advantage in the open. 

Ordinarily face south, and hold the book upright, or even above 
the head, until a few prominent guide stars are located. In look- 
ing at the circumpolar view, it will be convenient to face north, 
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and hold the book upside down. The Big Dipper will give the 
clue to the positions of the northern constellations. 

It will be seen that on the dark backgrounds of the star charts, 
the white images of stars are of varying sizes, somewhat in ac- 
cord with the varying magnitudes of the stars themselves. 

About one hundred of the brightest stars are also marked with 
radiating points, or rays^ that vary in number. I have endeavored 
thus, with the aid of the burin, to give a pretty accurate notion 
of the gradation of magnitudes— in particular among the two- 
score Second-Magnitude stars, which are very impxirtant guide 
marks. 

All stars of technical magnitudes 1.50 to 2.50 are said to be of 
“second magnitude.” But the range of brightness between Castor 
(1.58) and Mintaka (2.48) is very notable. It seemed worth 
while to sub-divide the group on the charts. The S3?stem of rays 
makes this feasible. The plan adopted is this: 

Four-ray stars are between magnitudes 1.50 and 2.00; three-ray stars 
between 2.00 and 2.25; and two-ray stars between 2.25 and 2.50. This 
completes the roster of Second-Magnitude stars, of which about forty 
sentinel the northan sky. A few fall on light backgrounds in the cir- 
cumpolar charts, and are lettered but not rayed. The others will be 
recognized and appraised at a glance. 

The First-Magnitude stars, aggressively large and with multiple rays, 
are of course even more conspicuous. 

There remains a scattered group of smaller stars breveted with one 
ray. These are the forty-odd leaders among stars of Third Magnitude 
— ^those between magnitudes 2.50 and 3.00. The remaining third-mag- 
nitude stars (3.00 to 3.50) and the fourth-magnitude stars (3.50 to 
4.50) are shown as rayless dots of variant sizes. 

As a further aid to identification, the stars of mapitude brighter 
than 2.75 (with a few omissions) are tabulated below in the sequence 
in which they cross the meridian. You may locate them on the charts 
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by following the hour-circles sequentially from right to left (west to 
east) ; beginning at o meridian, or hour, which is also hour XXIV, at 
the right side of charts 7 and 8, page 601 - 

It will be seen that Declinations (latitudes) are also given, so that 
the precise location of each star on the appropriate chart is as simple 
as the location by longitude and latitude of, say, your home city on a 
terrestrial map. 

The right ascensions and declinations show “mean positions” for 
1930, as given in The American Ephemeris and Nautical Almanac — 
seconds being omitted. 

A sweep of the charts under guidance of this tabular census of rayed 
stars will prepare you for rapid progress in the identification of the stars 
themselves. 

THE BRIGHTEST STARS IN THE ORDER OF RIGHT ASCENSION 

Right 



Magni- 

Ascen- 

Dcdi- 

Chart 

No. Name of Star 

tude 

sion 

nation 

No. 

I Alpha Andromedae (Alpheratz) . . 

2. IS 

H. 

0 

11 

4 


42' 

7 

a Beta Cassiopeiae (Caph) 

2.42 

0 

s 

+S8 

45 

xo 

3 Beta Ceti (Deneb Kaitos) 

2.24 

0 

40 

-18 

22 

8 

4 Gamma Cassiopeiae 

a. 25 

0 

52 

+60 

20 

10 

5 Beta Andromedae (Mirach) 

2.37 

I 

5 

+ 3 S 

14 

7 

6 Gamma Andromedae (Almach) . . . 

2.28 

I 

59 

+41 

59 

7 

7 Alpha Arietis (Hamel) 

2.23 

2 

3 

+ 33 

7 

7 

8 Beta Persei (Algol) .... Var. 2.30 

103.50 

3 

3 

+40 

41 

xo 

9 Alpha Persei (Mirfak) 

1.90 

3 

19 

+49 

36 

7, 10 

10 Alpha Tauri (Aldebaran) 

1.06 

4 

31 

•4-16 

22 

7 

II Beta Orionis (Rigel) 

0*34 

5 

II 

- 8 

16 

7 

12 Alpha Aurigae {Capella) 

0 .2X 

5 

II 

+45 

55 

7,10 

13 Beta Tauri (Nath) 

1.78 

5 

21 

+28 

33 

7 

14 Delta Orionis (Mintaka) 

2.48 

5 

28 

— 0 

20 

8 

15 Epsilon Orionis (Alnilam) 

1-75 

5 

32 

— I 

14 

8 

16 Gamma Orionis (Bellatrix) 

1.70 

5 

21 

+ 6 

17 

7 

17 Zeta Orionis (Alnitak) 

2.05 

5 

37 

— I 

58 

8 

18 Kappa Orionis (Saiph) 

2.20 

5 

44 

- 9 

41 

8 

19 Alpha Orionis (jSetelgeuse) Var. 0.5 

to 1 . 10 

5 

51 

+ 7 

23 

7 

20 Beta Aurigae (Menkalinan) 

2.07 

5 

54 

+44 

5<5 

7 

21 Beta Canis Majoris (Mirzam) 

1.99 

6 

19 

-17 

55 

6 

22 Gamma Geminorum (Alhena) 

1.93 

6 

33 

+16 

27 

5 

23 Alpha Canis Majoris (Sirius) 

-I.S8 

6 

42 

-16 

37 

6 
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Charts 5 and 6. — The Evening Sky in Spring. Hour naeridian IX 
is directly overhead at 9 P.M. March 21; at 5 A.M. November ai. 







Charts 7 and 8. — The Evening Sky in Winter. Hour circle III 
crosses the local meridian at 9 P.M. December 21; at 8 P.M. January 
6; at 7 P.M. January 21. 








Charts i and 2. — The Evening Sky in Autumn. Hour circle XXI 
crosses local meridian at 9 P.M. September 21, and four minutes earlier 
each succeeding night. 







Charts 3 and 4. — The Evening Sky in Siunmer. Hour circle XV 
crosses the local meridian at 9 P.M. June 21; an hour earlier July 6; 
at 7 o’clock July 21; at 5 in the morning February 21. 
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TABLE OF THE BRIGHTEST STARS {ContinueS) 



Magni- 

Right 

Ascen- 

Decli- 

Chart 

No. Name of Star 

tude 

sion 

nation 

No. 

24 Epsilon Canis Majoris (Adhara) . . 

1.63 

6 

55 

-28 

52 

6 

25 Delta Canis Majoris (Wezen) .... 

1.98 

7 

5 

— 26 

16 

6 

26 Eta Canis Majoris (Aludra) 

2.43 

7 

21 

-29 

9 

6 

27 Alpha Geminorum (Castor) 

i-S8 

7 

30 

+32 

2 

5 

28 Alphor Canis Minoris {Procyon ) . . . 

0.48 

7 

35 

+ s 

24 

5 

29 Beta Geminorum (Pollux) 

I. 2 X 

7 

4 X 

-f-28 

II 

5 

30 Alpha Hydrae (Alphard) 

2.16 

9 

24 

- 8 

21 

6 

31 Alpha Leonis (Regulus) 

1-34 

10 

4 

+12 

18 

5 

32 Gamma Leonis (Algeiba) 

2-61 

10 

16 

4-20 

II 

5 

33 Beta TJrsae Majoris (Merak) 

2.44 

10 

57 

+S6 

45 

9 

34 Alpha Ursae Majoris (Dubhe) — 

1 . 95 

10 

59 

-1-62 

7 

9 

35 Delta Leonis (Zosma) 

2.58 

II 

10 

4-20 

54 

5 

36 Beta Leonis (Denebola) 

2.23 

II 

45 

+14 

57 

5 

37 Gamma TJrsae Majoris (Phecda) . . 

2 .S 4 

ii 

50 

+54 

5 

9 

38 Epsilon Ursae Majoris (Alioth) . . . 

1.68 

12 

50 

+56 

20 

9 

39 Zeta Ursae Majoris (Mizar) 

2.40 

13 

21 

+SS 

17 

9 

40 Alpha Virginis (Spied) 

1. 21 

13 

21 

— 10 

47 

4 

41 Eta Ursae Majoris (AJkaid) 

1. 91 

13 

44 

+49 

30 

9 

42 Alpha Bootis (Arcturus) 

0.24 

14 

12 

+19 

34 

3 

43 Epsilon Bootis (Tzar) 

2.70 

14 

41 

+27 

22 

3 

44 Beta Librae (Zubeneschamali) — 

2,74 

15 

13 

■” 9 

7 

4 

45 Alpha Coronae Borealis (Alphecca) 

2.31 


31 

4-26 

56 

3 

46 Delta Scoipii (Dschubba) 

2-54 

15 

56 

— 22 

25 

4 

47 Alpha Scorpii (Antares) 

1.22 

16 

25 

— 26 

16 

4 

48 ZetaOphiuchi 

2.70 

16 

33 

— 10 

25 

4 

49 Epsilon Scoipii 

2.36 

16 

45 

-34 

10 

4 

50 Eta Ophiuchi (Sabik) 

2.63 

17 

6 

-15 

38 

4 

51 Lambda Scorpii (Schaula) 

1. 71 

17 

28 

-37 

3 

4 

52 Alpha Ophiuchi (Ras Alhague) . . . 

2,14 

17 

31 

4-12 

36 

3 

53 Gamma Draconis (Etamin) 

2.42 

X 7 

54 

+51 

29 

9 

54 Epsilon Sagittarii (Elaus Australis) 

1.95 

18 

IQ 

-34 

25 

2 

55 Alpha Lyrae (Vega) 

0.14 

18 

34 

+3S 

43 

I 

56 Sigma Sagittarii (Nunki) 

2.14 

i8 

SO 

— 26 

23 

2 

57 Alpha AquUae (Altair) 

0.89 

19 

47 

+ 8 

40 

1 

58 Gamma Cygni (Sadr) 

2.32 

20 

19 

+40 

I 

t 

59 Alpha Cygni (Deneb) 

1-33 

20 

39 

+45 

I 

I 

60 Epsilon Pegasi (Enif) 

2-54 

21 

40 

+ 9 

S 3 

c 

61 Alpha Pisds Austrini (Formalhaut) 

1.29 

22 

S 3 

-29 

59 

2 

62 Beta Pegasi (Scheat) 

2.61 

23 

0 

+27 

42 

X 

63 Alpha Pegasi (Mirfak) 

2.57 

23 

I 

+14 

49 

X 








Cliart 9: Circumpolar Region, Hours VI to XVII I 


Chart 10: CrRCUM:i:H::)LAR Region,: Hoiirs XVIII to VI 
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INDEX 


Abbot, Dr. Charles Greeley, describes 
the Langley bolometer, 435-6. Tests 
star energy with bolometer, 442. 

Abdallah-ah-Mamun, directs an earth 
measurement, to determine length of 
a degree, 88. 

Aberration of lenses, described and illus- 
trated, 544, 545- 

Aberration of light, explanation of, 227. 
What its discovery proved, 231. Con- 
stant of, as a test of solar parallax, 
412. 

Adams — Leverrier — ^Darwin : Complet- 
ing The Solar System, Chapter 
XXII, 309. 

Adams, John Couch (1819-1892), Eng- 
lish mathematician, portrait of, 310. 
Calculates the position of the undis- 
covered planet, Neptune, 309. His 
calculation pigeon-holed, 312. Studies 
the moon’s acceleration, 322. 

Adams, Dr. W. S., tests star parallax 
with spectroscope, 446. Tests the 
white-star companion of Sirius, 453. 
Importance of his spectroscopic 
method of testing star parallax, 479. 

Adams — Pease — Hubbel: Star Numbers 
and Distances, Chapter XXXII, 477. 

Aitken, R. G., estimates that the smallest 
star has one fifth the sun’s mass, 500. 

Aitken and Hussey, issue catalogue of 
spectroscopic binaries, 370, 472. 

Albategnius, or El-batani (850-929, 
A. D.), Arabian astronomer, intro- 
duced the sine into trigonometry, 88. 
Discovered the motion of the solar 
apogee, 89. 

Albedo of a planet, defined and ex- 
plained, 544. 

Alexander the Great, sent back books 
and astronomical records to Alexan- 
dria, 49. 

Alexandria, Eratosthenes measured the 
earth there, 31. Its location deter- 
mined within ten miles by Eratos- 
thenes, 43. 


Alfonso X, of Castile, Arabians stimu- 
late his interest in astronomy, 90. 

Algol type of variable stars, first ex- 
plained by John Goodricke in 17S2, 
469. Variability due to revolution of 
a dark body in a binary system, 469. 

Alhazen, Arabian astronomer, explains 
twilight, 91. His method of measur- 
ing the depth of the atmosphere, 93. 

“Almagest”, the mediaeval and modern 
name of Ptolemy’s great work on as- 
tronomy, 83. Its scope, 84. Preserved 
in the east, and re-translated into 
mediaeval Latin, 87. A text book in 
the universities of Europe, 96. 

Almanac, Nautical, see Ephemeris, 557. 

Alphabetical summary of astronomical 
subjects, Appendix B., 544. 

Alpha Lyrae (Vega), photographed at 
Harvard Observatory by Whipple, in- 
itiating stellar photography, 353, 

Altazimuth mounting of telescope, illus- 
tration of simple type, 293. 

Anaxagoras, Clazomencan philosopher 
banished from Athens for iconoclasm. 
His estimate of sun, moon’s phases, 
eclipscsj and milky way, 52. 

Angle, of earth, sun, and moon, used 
to measure the sun’s distance by 
Aristarchus, 44. 

Angle, zenith, sec Zenith angle, 582. 

Angular distance, of the sun from the 
zenith, used by Eratosthenes in meas- 
uring the world, 36. 

Aphelion of a planet, defined and ex- 
plained, 546. 

Apsides, defined and explained, 548. 

Aquila, constellation as depicted in 
Bayer’s Uranometria, 154. 

Arabian cosmos, 94. 

Arabians, said to have determined lati- 
tude by observations of a circum- 
polar star, 13 7. 

Arago, Dominique Francois (1786- 
1853), French physicist and astrono- 
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mer, reports to Academy of Science 
on sun-pictures, 350. Portrait of, 351. 

Arcquipa, Peru, auxiliary Draper Me- 
morial Observatory there, 368. Nega- 
tives taken there of the magellanic 
clouds reveal Cepheid variables, 456. 

Argdander, Friedrich Wilhelm (i799- 
187s), German astronomer, his 
famous star-chart and atlas, 297. Por- 
trait of, 298. Cited, 509. 

i^tarchus of Samos, called the Coper- 
nicas of antiquity, said to have meas- 
ured the distance of the sun, 34, 44* 
His correct theory of the world re- 
jected for epicycles, 72. Cited, 402* 

AmtoUe (384-322, B. C,), accepts the 
system of epicycles of Eudoxus, 54- 
His doctrines dominant at Oxford in 
16th century, 123. 

Arrhenius, Svante August, Swedish cos- 
mologist, portrait of, 468. His expla- 
nation of new stars, 467-8. 

Arzachel, Arabian astronomer, made the 
mistaken discovery of the “trepida- 
tion” of the stars, 89. 

Asteroid, alternative name for a plane- 
toid, 549. The first discovered by 
Piazzi, 277. See “The Eros Cam- 
paign”. 

Astrolabe, an Arabian, depicted, 106. 
How a watch may serve as, 549. 

Astrology, flourished in the England of 
Elizabeth, and of William and Mary, 
140. 

Astronomical Science, its most useful 
achievement, 434. 

Astronomical subjects, alphabetical 
summary of, 544.^ 

Astronomers, Egyptian, were priests, 
and astronomy was a sacerdotal func- 
tion, 57. 

Astronomy, of Babylonia, 61. In the 
mediaeval period. Book II, 97. In 
the Christian world, 99. 

Astronomy books, a few words about, 
with helpful list, 539. 

Astronomy of Precision, The. Book V, 

275. 

Astrophysics, the new type of astron- 
omy, 375. 

Astruc, Jean, his discovery of the obvi- 
ous contradictions in Genesis, 235. 

Athanasian Theocracy, made safe in 
Europe by Constantine, 99, 

Atom, transmutation suggested by as- 
tronomical studies, 373. Pictured as 


planetary structure, 424. New theory 
of evolution of, 427. Probably dis- 
sociated or stripped of electrons in 
the sun, 442. The hydrogen, perhaps 
the basis of all elements, 426. 

Atomic theory, new, its relation to solar 
energy, 424. 

Augustus Caesar, takes a day from Feb- 
ruary to add to his month, August, 
87. 

Auzout, named as devising a microm- 
eter, 197. 

Azimuth, defined and explained, 549. 

Babylonian astronomy, sacredness of 
number seven, based on the number 
of planets, 61. 

Babylonian cosmology, the earth a flat 
disk with mountains at its borders, 
62. 

Bartlet, early experiments in stellar 
photography, referred to, 355. 

Base line, defined and interpreted, 550. 

Bayer, John (1572-1625), Bavarian as- 
tronomer, author of a famous star 
chart {Uranometria) , Figures of the 
Constellations adapted from his lira- 
nometria, I43» 146, 148, i5i» 154- 

Bellarmin, Roberto (1542-1621) Italian 
Cardinal, states the ecclesiastical di- 
lemma, 219. 

Bessel, Friedrich Wilhelm (1784-1846), 
German astronomer, his personality, 
296. Solves the parallax problem, 297. 
Discovered dark stars, 305. Cited, 
509. 

Beta Lyrae, the type of long-term va- 
riable, 470. 

Betelgeuse, in Orion, first star to be 
measured with interferometer, 448. 

Binaries, eclipsing, give clues to star 
masses, 450. 

Binary systems, illustrated by Algol, 
469. Studied by Burnham, 471. Stud- 
ied by Aitken and Hussey at Lick 
Observatory, 472. 

Bode’s Law, illustrated, 279. 

Bolometer, invented by Langley, to test 
minute changes of temperature, 435. 
Invention and use of, 551. 

Bond, George Phillips (1825-1865), 
American astronomer, with Lassell, 
discovers eighth satellite of Saturn, 
3x9. Early photographs of stars, 354. 
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Bond, William Cranch (1799-1868), 
American astronomer, discovers crape 
ring of Saturn, 320. 

Bonds — Drapers — Pickering: Star Por- 
traiture, Chapter XXIV, 350. 

Bonn Durchmusterung, Argelander’s 
famous star-chart, 297. 

Books on astronomy, ancient. Mostly 
not destined to be preserved, 51. A 
few words about modern, S39- 

Bootes, constellation as depicted in 
Bayer's Uranometria, 148. 

Boss, Lewis (1846-1912), studied a 
group of moving stars in Taurus, 
405. His laborious calculations to 
discover star movements, 497. Esti- 
mated average proper motion of 
stars, $02. Cited, 403. 

Bossuet, Bishop, of Meaux, opposed 
Copernican theory on scriptural 
grounds, 190. 

Bowen, Dr. I. S., solves the problem of 
“Nebulium,” 349. 

Bradley, James (1693-1762), Astron- 
omer Royal of England, his observa- 
tions that led to discovery of 
aberration of light, 223. Discovers 
the explanation of the phenomena of 
aberration, 227. Discovers nutation, 
228. Further studies of proper mo- 
tion, 229. Proves the stars enor- 
mously distant, 232. Estimates of his 
character and genius, 234. Cited, 417. 

Brcdichin, Fedor Alexandrovitch (1830- 
1904), Russian astronomer, his the- 
ory of the comet's tail, 328, 

Bruno, Giordano (1548-1600), his early 
history, 122. At Geneva, 123. At Ox- 
ford, 125. Burned at the stake in 
Italy, 1600, 126, 

Bruno, The Protagonist, Chapter VIII, 
122 . 

Bunsen, Robert Wilhelm (1811-1899), 
German chemist, associated with 
Kirchhoff in studying the spectra, 
341. Portrait of, 345. 

Burnet, Thomas (1635-1715) > English 
author, his Sacred Theory of the 
Barth, 21O4 His egg-shell theory of 
the deluge, 2x8. 

Burnham, Sherburne Wesley, American 
astronomer, discovered many new 
double stars while an amateur, 290. 
His chart of 13,665 doubles, 471. 
Portrait of, 471. 


EX 60s 

Busch, Early experiments in stellar pho- 
tography, referred to, 353. 

Caesar, Julius, his reform of the cal- 
endar, 87. 

Calcium, ionized atoms of, in the sun, 
423. In sidereal space, 531. 

Calendar, the Egyptian, 56. Reformed 
by Julius Caesar, 87. The Gregorian 
reform, 142. 

Calvin, John (1509-1564), his criticism 
of Ptolemy's geography, 124. His 
proof that the world does not move, 
236. 

Campbell, William Wallace, American 
astronomer, spectroscopic studies of 
star movements, 406. Cited, 403. 

Campbell and Moore, Lick Observatory 
studies of radial velocities, 482. Found 
the average velocity of stars, 501. 
Eclipse photographs, 572. 

Cassegrain, Tuillaune, French sculptor, 
devised a reflecting telescope in 1672, 

199. 

Cassini, Giovanni Domenico (1625- 
1712), Italian astronomer, first direc- 
tor of Paris observatory, cooperated 
in determining solar parallax, 174. 
Discovered division in Saturn's rings, 

200. 

Castor (Alpha Geminorum), with Vega, 
first star to be photographed, 353. 

Catholic Church, a eulogy of, recalled 
in connection with Bruno's fate, 127. 

Celestial longitude, called right ascen- 
sion. How calculated, 75. 

Celestial photography, inaugurated by 
Draper, 352. 

Cepheid Variables, relation between 
brightness and rate of pulsation dis- 
covered by Miss Leavitt, 457. Their 
peculiarities, 459. Their wide distri- 
bution, 459. As distance-gauges, 461. 
Theories of their nature, 464. 

Cepheus, the Constellation, depicted 
from Bayer's Uranometria, 143. 

Challis, Prof., observed but did not dis- 
cover Neptune, 31 1. 

Chamberlin, Thomas Chowder, with 
Moulton, developed a theorjr of world 
making, 386. Cited, 403. 

Chamberlin and Moulton, their planet- 
esimal theory, 386. Their application 
of Roche’s law recalled, 515. Cited, 
S12. 
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Charts of the Constellations, Appendix 
C, 586. 

Chiaramonti, Scipio, his estimate of the 
Copemican idea, 103. 

Christendom, Twelve Centuries of Prog- 
ress in, 99. 

Chronology, of Arch-bishop Usher con- 
trasted with modem estimates, 517. 

Chronometer, defined and explained, 
SSt. 

Circle, divided into 360 degrees in an- 
tiquity, 35. Regarded as the perfect 
figure by Pythagoras, 66. 

Circle, great, defined and interpreted, 
552 . 

Clark, Alvan Graham (1832-1897), 
American optician, discovers the 
companion of Sirius, 305, 451. 

Clerk Maxwell, James (1831-1879), 
English mathematician, reduces rings 
of Saturn to a cloud of meteoric par- 
ticles, 321. Portrait of, 322. 

Clock, the first accurate, made by Huy- 
gens, 194. 

Coelostat, defined by Dr. Abbot, 553. 

Columbus, was guided by the geog- 
raphy of Ptolemy, 8$. His equip- 
ment, 105. Did not know the earth 
moves, 109. 

Coma- Virgo, regarded as a super-gal- 
axy by Shapley, 503, 

Comet, Biela’s, its disruption, 330. 

Comet, unmasked by Halley, 208. Re- 
garded with superstitious awe until 
modem time, 209, As fire-ball of 
wrath, 210. The orbit of Halley’s 
depicted, 317. Finally unmasked by 
Dr. Gibers, 327. The phantom tail 
explained, 328. Eucke’s, small-orbit, 
329. Description of Bida’s, 330. The 
spectra stuped by Huggins, 346. 

Comets, Jupiter’s family of, 329. Prob- 
able dispersion into meteors, 330. 

Companion of Sirius, a white dwarf 
star, discovered by Alvan G. Clark, 
43. Its amazing density, 452. 

Conjunction, of two celestial bodies, de- 
fined, 553 . 

Constantine, Emperor, made Europe 
safe for Theocracy, 99. 

Constellations, named by the Egyptians 
at very early date, 56. Figures adapted 
from Bayer’s Vranomeiria^ 143, X46, 
148, 151, 154, List of, 554-5- Charts 
of, 599. Maps of, following, 604. 


Copemican revolution, its import long 
unsuspected, 433. 

Copemican system, as stated by its au- 
thor, 1 15. Supported by new parallax 
observations, 177. Opposed by B os- 
suet at beginning of the i8th century, 
190. The opposition begins to weaken, 
217. Why it caused consternation, 

I2I. 

Copernicus Enthrones the Sun, Chapter 
VII, los. 

Copernicus, the coming of, iii. Bio- 
graphical sketch, 1X2. Long decades 
of pondering, 113. His great work on 
the revolution of the earth, 114. His 
correct conception of Mercury and 
Venus illustrated, 117. His correct in- 
terpretation of the seasons illustrated, 
118. Dies opportunely, 120. His work 
removed from the Index in 1823, 273. 
Cited, 402. 

Cordova, Spain, a center of astronomi- 
cal influence under the Arabians, 90. 
Cosmic ray, may result from creation 
of matter in space, 427. 

Cosmogony, the new cosmology and, 
475- 

Cosmographia, of Francesco Maurolico, 
no. 

Cosmology, the preeminent Greek con- 
tribution, 52. Egyptian, 60. Baby- 
lonian, 62. 

Cosmic clouds, revealed in space by 
spectroscopic studies, 531. 

Cosmic rays, their possible birth in the 
depth of space, 534. 

Cosmos, the Arabian, 94. Lambert’s 
theory of, 242. The Lambert-Shapley 
universe, 503. Its ultimate plan not 
yet revealed, 506. 

Croll, James (1821-1890), Scottish man 
of science, his pre-nebular theory re- 
ferred to, 380. 

Cross staff, as used by Columbus, 107. 

A modified form illustrated, 575. 
Cygni, 61. The star whose parallax was 
first determined by Bessel, 302. 

Cygnus, constellation as depicted in 
Bayer’s Uranometriat 151. 

Curtis, Hcber Doust, his diagram of the 
galaxy, 504. 

Daguerre, Louis Jacques Mand6 (1789- 
18S1), pioneer work in photography, 
350. Portrait of, 352. 
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Darwin, Sir George Howard (1845- 
1913), English mathematician, por- 
trait of, 324. His thesis of the origin 
of the moon, 324. 

Darwin^s Origin of Species, character- 
ized, 335. 

Dawes, William Rutter (1799-1868), 
English astronomer, independently 
discovers crape ring of Saturn, 320. 

Days, astronomical, defined, 536. 

Declination, celestial latitude, explained, 
SS6. 

De La Rue, early experiments in stellar 
photography, referred to, 355. 

Dingle, Prof. Herbert, estimates Lock- 
yer^s dissociation conception, 378. 

Distance of the sun, how estimated by 
Aristarchus of Samos, 44. Found by 
Aristarchus to be 18 times the moon’s 
distance, 45- Various methods of de- 
termining, 412. See The Eros Cam- 
paign, 407. 

Doppler, Christian (1802-1853), Ger- 
man physicist and mathematician, 
discovers spectroscopic test of star 
motions, 362. 

Double stars, study of their orbits con- 
firms law of gravitation, 288. See 
Binary systems. 

Draper, Henry (1837-1882), American 
astronomer, took lunar photographs, 

356. Made first successful photo- 
graphs of the spectrum of a star, 

357. Photographed spectrum of neb- 
ula in Orion, 358. Portrait of, 358. 
The memorial at Harvard, 359. The 
memorial established, and the photo- 
graphing of the entire sky projected, 
368. 

Draper, Dr. John William (1811-1882), 
English-American chemist and phy- 
sician, portrait of, 353. Photographed 
the moon, 351. 

Draper Classification of Stars, 440. New 
interpretation by Prof. Russell, 446. 

Durchmustcrung, a star chart, in par- 
ticular, Argelandcr’s, 556. 

Earth, measurement of, by Eratos- 
thenes, one of the outstanding 
achievements of all time, 31, 47, The 
round, a conception first attained, 
probably, by the Pythagorian philos- 
ophers, in Italy, 52. Proved dense at 
core by Maskelyne, 250. 
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Earth, spirits of, Babylonians recog- 
nised 600, 62. 

Earth-history, seeing it backward, 528. 

Easton, thinks the center of our galaxy 
lies in the direction of Cygnus, 493. 
Thinks the galaxy a spiral nebula, 
502. 

Eclipse, of the sun by the moon; said 
first to have been predicted by 
Thales, 51. Of the moon, figure to 
illustrated, 53. Correctly interpreted 
by Anaxagoras, 52. Of the sun, de- 
picted, 73. 

Eclipse, Solar, photographs taken in 

1854. 356. 

Eclipsing Binaries, give clues to star 
histories, 4S0. 

Ecliptic, its angle measured by Eratos- 
thenes in the third century, B. C., 
37. Defined, 557. 

Eddington, A. S., English astronomer, 
discusses the calcium layer of the 
sun’s surface, 429. Estimates present 
status of giant-and-dwarf theory, 454. 
Supports Shapley’s theory of Cepheid 
variables, 465. His calculations of star 
sizes, 499. Says that stars lose mass 
by radiation, 511. On radiant energy 
in the depths of space, 531. Cited, 
403. 

Edmund Halley — ^Unmasking the Comet, 
Chapter XV, 202. 

Egyptian astronomy, its antiquity, 55. 
Conception of the separation of the 
heavens from the earth illustrated, 57. 
Thought the sun and other celestial 
bodies were abodes of gods, 58. 

Egyptian cosmology, 60, 

Einstein, Albert, one of his theories 
used to test the companion of Sirius, 
453. His formulae for conversion of 
matter into energy, 511. His concep- 
tion of curved space, 519. The eclipse 
test of his theory criticised (with dia- 
gram) by Prof. C. L. Poor, 572. 
Cited, 403. 

Elements, dissociation of, suggested by 
Lockyer, 377. 

Elliptical orbits of planets, why con- 
sidered abhorrent, 153. 

Encke, his short-circuit comet, 329. 

Energy, is it conserved in our universe ? 
5Z9. 

Ephemeris, The American, 557. 

Epicycles, of Eudoxus, 53. Accepted 
and modified by Aristotle, 54. Domi- 
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nant throughout the astronomical 
world for more than a thousand 
years, 55. System of, perfected by 
Hipparchus, 69. Served to explain 
the aberrant movements of the plan- 
ets, 69. 55 of these spheres com- 

puted in the time of Aristotle, 71. 
Theory of, submerged the doctrine of 
Aristarchus, 71. Given wide vogue by 
the Almagest of Ptolemy, 84. Of Mer- 
cury, as conceived by Arabians, 95, 

E Pur Si Muove. Book IV, 191. 

Equinox, explained, 558. 

Eratosthenes, Alexandrian Greek geog- 
rapher and astronomer of the third 
century B. C., his personality, 31. 
Watching the sun’s shadow, to meas- 
ure the earth, 31. How the angle of 
the sun’s zenith distance enabled him 
to measure the world, 35. The earth- 
measurement of, depicted diagram- 
matically, 35. Measures the ecliptic, 
37. His perfected gnomon, 38. Meas- 
ures the width of the tropic zone, 39. 
The principle of, illustrated, 39. His 
principle of earth measurement used 
by every navigator, 43. Describes how 
Aristardbus measured the distance of 
the sun, 45. His earth measurement 
one of the outstanding achievements 
of all times, 47. Left no cosmologic 
guess that has been preserved, 63. 
Made a chart of the brightest stars, 
74, See Zenith Angle. 

Eros, the planetoid that comes nearest 
the earth, 409. Why it is important, 
409. And the solar yard-stick, 409. 

Eudoxus, of Cnidus (ca 409-356, B. C.), 
Greek astronomer, geographer, and 
physician, his S3rstem of epicycles, 53. 
His idea of calendar-reform was like 
that which Julius Caesar adopted, 87. 
His theories still had advocates in the 
i6th century, in. 

Excentrics, imaginary spheres that en- 
tered into orbital systems of Hip- 
parchus and Ptolemy, 84. 

Explorers, from Columbus to Admiral 
Byrd, use the principle of Eratos- 
thenes to determine their location, 43. 

Eye-piece, or objective, different types 
illustrated, 194. 

Path, Edward Arthur, supports idea of 
double sun-spot cycle, 421-2. Quoted 
as to workers who have tested rota- 


tion of spiral nebulae, 487. His quali- 
fied estimate of localization of spiral 
nebulae, 488-9. 

First-magnitude stars, list of, $66, 599. 

Fizeau, early experiments in stellar pho- 
tography referred to, 355. 

Flamsteed, John (1646-1719) » English 
astronomer, first Astronomer Royal, 
portrait of, 174. Measures parallax 
of sun through observation of Mars 
in opposition, 175. 

Forerunners of Eratosthenes. Chapter 

II, 47. 

Foucault, Jean Bernard Leon (1819- 
1868), French physicist, portrait of, 
356. Early experiments in stellar pho- 
tography, 356. 

Foucault Pendulum, explained and il- 
lustrated, 558. 

Fraunhofer— Kirchhoff— Huggins : The 
Stars Brought to Earth, Chapter 
XXIII, 335. 

Fraunhofer, Joseph von (1787-1826), 
(German physicist, rediscovered the 
lines in the spectrum, 338. Perfected 
the refracting telescope, 339. In- 
vented the heliometer, 339. Partially 
interpreted the lines of the spectrum, 
340. 

Frederick 11 . (1194-1250) of Sicily, 
causes the Almagest to be translated 
into Latin, 87, 91. 

Full Circle, conception of a cyclic uni- 
verse, 535. 

Galactic latitude, defined, 559. 

Galaxy, The, or Milky Way, older and 
modern views, 492. Estimates as to 
its center, 492. Is it a spiral nebula? 
502. Defined, 559. 

Galileo and His Telescopes. Chapter 
XI, 156. 

Galileo, Galilei (1564-1642), Italian as- 
tronomer, his early life, 156. His 
first telescope, 158. Solved the mys- 
tery of the Milky Way, 158, Dis- 
covered imperfections of the moon, 

158. Discovered moons of Jupiter, 

159. Studied the sun-spots, 159. The 
famous dialogue, 161. Summoned be- 
fore the Tribunal of the Inquisition, 
164. The famous "E pur si muoveP 
164. His works struck from the In- 
dex in 1822, 273. 



INDEX 


Galle, Dr. Johann Gottfried (1812- 
1910), German astronomer, first to 
recognise Neptune as a planet, 314. 

Gascoigne, William, of Yorkshire, cred- 
ited with devising the first microm- 
eter, 197. 

Genesis according to Jeans, 511. 

Giant and dwarf stars, described, 446. 

Giant stars, the dimensions of Betel- 
geuse and other, 449. Diagrammati- 
cally illustrated, 450. 

Gill, Sir David (1843-1914), his ob- 
servations of Mars, for solar parallax, 
412. 

Globular clusters, their location sup- 
ports the thesis of a mirrored uni- 
verse, 524. 

Gnomon, a small post or peg erected 
vertically to study the sun’s shadow, 
32. Perfected by Eratosthenes, 38. 

Gods, anthropomorphic, potentially 
doomed from the day of Copernicus, 

III. 

Goodricke, John G. (1764-1786), Eng- 
lish astronomer, explained the va- 
riability of Algol, 469. 

Gravitation, Einsteinian, estimated by 
Prof. C. L. Poor, 560. 

Gravitation, The Law of, as expositcd 
by Newton, 184. Why opposed, 189. 
Newcomb’s comment on, 559, 

Great Circle, defined and interpreted, 
552 . 

Gregory, Pope, reforms the calendar, 
X42. 

Grindstone Theory of the Universe, 
originated by Thomas Wright, 239. 

Hale, George Ellery, discovered Zee- 
man effect in sun-spots, 419-20. In- 
vented the spectroheliograph, 419. 
Cited, 403. 

Hale and Nicholson, discovery of the 
opposite polarities of sun-spots, 421. 

Halley, Edmund (1656-1742), English 
Astronomer Royal, a Fellow of the 
Royal Society at twenty-two, 202. 
His charming personality, 202. Stud- 
ied the southern sky at St, Helens, 
203. Predicted the transit of Venus, 
and forecast parallax methods, 204. 
Estimates of sun’s parallax, 207. Un- 
masks the comet, 208- Predicts the 
return of the comet that now bears 
his name, 212. Tests telescopic sights 
with Hevelius, 213. Discovers the 
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proper motion of stars, 214. His ra- 
tionalism and social charm, 216. 

Halley’s Comet, its early appearances, 
212. Its return predicted by Halley, 
212. Its orbit presented diagrammati- 
cally, 317. 

Harkness, William (1837-1903), Di- 
rector of U. S. Observatory, his esti- 
mate of solar parallax, 413. 

Harvard University Observatory, the 
Henry Draper memorial, 359. Pioneer 
work in photometry, 359. Its library 
of star portraits, 364. 

Heavens, the Egyptian interpretation 
of, 57. 

Heavens, The New, Chapter XXVIII, 
401. 

Hegel, Georg Wilhelm Friedrich (1770- 
1831), German philosopher, believed 
there could be only seven planets, 
279, 280. 

Heliocentric doctrine, summarized, 560. 

Heliometer, observations of minor plan- 
ets with, to determine solar parallax, 
412. Defined, 560. 

Helium, The Sun-Element, discovered 
in the sun with the spectroscope, 360. 
Its atom not precisely four times the 
mass of hydrogen, 426. 

Helmholtz (1821-1894), German phys- 
icist and physiologist, portrait of, 
323. Explains the moon’s acceleration 
as due to tidal friction, 323. His doc- 
trine, that the sun’s heat is due to 
contraction is now obsolete, 432. 

Henderson, Thomas, Scottish astron- 
omer, the first to measure a star- 
parallax, 299. 

Hercules, the constellation as depicted 
in Bayer’s Uranometriaj 146, 

Herodotus, Greek historian, records that 
Thales predicted an eclipse, 51. 

Herschel, Caroline, Chief lieutenant of 
her brother William, 254. Portrait of, 

253. 

Hcrschd Expands the Universe, Chap- 
ter XVIII, 251. 

Hcrschd, John Frederick William 
(1792-1871), English astronomer, his 
early studies of double stars, 288. At 
the Cape of Good Hope, 291. Pre- 
sents medal to Bessel for parallax 
triumph, 298. His model of the solar 
system, 318. His studies of the Ma- 
gellanic clouds, 456. 
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Herschel, William (1738-1822), Ger- 
man-English astronomer, a musician 
who became an astronomer, 251. His 
reflecting telescopes, 252. Discovery 
of TJranus, 252, 255. Exploring the 
universe, 256. Scheme of the universe, 
258. Study of double stars, 262. 
Proves that the sun moves, 263. His 
estimate of the “solar apex,’* 264. 
Holden^s estimate of his genius, 265. 
Made his generation star-minded, 
272. His influence, 273. His view of 
habitable suns cited, 432. Cited, 417. 

Hertzsprung, E., German astronomer, 
describes stars, as giants and dwarfs, 
445. Develops conclusions from Miss 
Leavitt’s discovery of luminosity law, 
460, Cited, 403. 

Herun-al-Rashid, Caliph, his interest in 
science, 88. Said to have sent a mar- 
velous clock to Charlemagne, 88. 

Hevelius, Johannes L. (1611-1687), 
Danish astronomer, rejected new tele- 
scope sights, 213. Portrait of, 214. 

Hezekiah, the sun moves backward on 
his behalf, 130. 

Hinks, A. R. of Cambridge, measures 
Eros photographs to determine sun’s 
parallax, 411. 

Hipparchus (160-125 B. C.)> Greek as- 
tronomer, his conception of epicycles 
referred to, 55. A rigidly scientific 
observer, 65. Demonstrated the sun’s 
eccentricity, 65. Discovered the in- 
equality of the sun’s northward and 
southward journeys, 66. Perfected the 
system of epicycles, 6g. Rejected the 
heliocentric theory, 72. Attempted to 
measure the actusd distance of the 
moon, 73. Made a celebrated chart of 
the heavens, 74. Discovered preces- 
sion of the equinoxes, 75. His star- 
chart places him as the greatest ob- 
serving astronomer of antiquity, 79. 
His theories and star-chart preserved 
by Ptolemy, 83. 

Hooveria, planetoid named in honor of 
President Hoover, 408. 

Horrox — Cassini— Flamsteed: Expand- 
ing the Solar System, Chapter XII, 
165. 

Horrox, Jeremiah (1619-1641), English 
clergyman and astronomer, fiarst to 
observe a transit of Venus, 167. His 
inspired guesses about parallax, 171. 


Varied manifestations of his genius, 
172. Cited, 4x7. 

Hour angle, of a celestial body, ex- 
plained, 561. 

Hubble, Dr., his classification of nebu- 
lae, 484. Estimates distance of the 
Andromeda nebula from study of 
Cepheid Variables, 489-90. 

Huggins, William (1S24-1910), English 
astronomer, pioneer work with the 
spectroscope, 345. Studied spectra of 
nebulae, 347. Combined camera and 
spectroscope, 357. Obtained photo- 
graphs of the spectrum of a nebula, 
358. Found hydrogen in a new star, 
467. 

Pluygens — Hevelius — Roemer: What 
Better Telescopes Revealed. Chapter 
XIV, 193. ^ ^ 

Huygens, Christian (1629-1695), Dan- 
ish astronomer and physicist, his early 
life, 193. In cooperation with his 
brother Constantine, improves the 
telescope, 193. Makes the first accu- 
rate clock, 194. His long telescopes, 
196. Interpreted Saturn’s Ring, 200. 
Huygens ocular, the two-lens eyepiece 
invented by Huygens, 193. 

Inchofer, Father Melchior, states the 
objection to the Copernican heresy, 
221. 

Index, The Ecclesiastical, works of 
Copernicus, Kepler, and Galileo 
placed on, 179. Works of Copernicus, 
Kepler and Galileo removed from, in 
1822, 273. 

Interferometer, devised by Prof. A. A. 
Michelson, 561. Stars measured with, 
439» 450. Used in the loo-inch re- 
fractor, 447. 

Invisible stars, weighing, 363. 

James Bradley— The Stars Nod Their 
Verdict. Chapter XVI, 222. 

Jansen, Zacharias, Dutch optician, 
made early experiments with lenses, 
156. 

Janssen, Pierre Jules C6sar (1824- 
1907), Portrait of, 375. Independent 
discoverer of helium, 375. 

Jeans, Sir James, English astronomer, 
compares the stars numerically to 
dust, 372. Estimates sun’s loss of 
weight through outflowing of energy, 
428-9. His estimate of the accuracy 



in: 

of the period-luminosity law, 463. His 
theory of the nature of Cepheid vari- 
ables, 465. Genesis according to, 511. 
Estimates the age of stars, 512. His 
theory reminiscent of Lockyer, and 
of Chamberlin and Moulton, 512. His 
estimate of the destiny of the uni- 
verse, SI 7. Cited, 403. 

John Herschel— Struve — Bessel: Sound- 
ing The Universe. Chapter XXI, 288. 

Joshua, his celebrated miracle recalled, 
128. 

Jupiter, its family of comets, 329. De- 
picted, following photo by Dr. 
Slipher, 389. Retrograde satellites dis- 
covered, 393. 

Kant, Immanual (1724-1804), Great 
German philosopher, his theory of 
the cosmos, 244. His nebular hypoth- 
esis, 266. Cited, 402. 

Kant and Laplace — The New Genesis. 
Chapter XIX, 265. Cited, 512. 

Kaptcyn, Jacob Cornelius (1851-1922), 
discovered two great opposite star 
streams, 405. Favors region of Cas- 
siopeia as center of galactic system, 
493. How he dLscovered the star 
streams, 496. Cited, 403. 

Kaptcyn — Easton — Shaplcy: The 
Structure of the Universe. Chapter 
XXXIIX, 491. 

Keeler— Chamberlin — Moulton: The Or- 
igin Of The World, Chapter XXVI, 
383. 

Keeler, James Edward (18S7-X900), 
studies of spiral nebulae, 383, Por- 
trait of, 384. 

Kelvin, I^ord, exposited Helmholtz’s 
now obsolete doctrine of the sun's 
energy, 432. His conception of a cir- 
cumscribed universe, 519. Portrait of, 

Kepler, John (x57x-x63o), German as- 
tronomer, his personality, 141. His 
book on the mysteries of cosmo- 
graphia, 145. His three famous laws 
of planetary motion, 148, Diagram to 
illustrate the first and second laws, 
149, His appeal to Truth, against au- 
thority, X52. His third law, as stated 
by him, 154. His works removed from 
the index in X822, 273. Application of 
his third law in mapping the solar 
system, 4x4* 
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Kepler the Law Giver, Chapter X, 
141. 

Kirchhoff, Gustav Robert (1811-1899)1 
German physicist, portrait of, 343 * 
Solves the problem of the Fraunhofer 
lines, 341- 

Lagrange, Joseph Louis (1736-1813), 
French mathematician, his friendly 
rivalry with Laplace, 269, Portrait of, 
270. 

Lambert, Johann Heinrich (1728-1777), 
Alsatian scientist, his theory of the 
cosmos, 242. His estimate of the cen- 
ter of the galaxy compared with that 
of moderns, 494. 

Lambert — Shapley Universe, outlined 
by Prof. Shapley, 504. 

Lament, Johann von (1805-1879), dis- 
covered relation between sun-spots 
and earth-magnetism, 416. 

Langley — Hertzsprung — Russell: New 
Light on the Stars, Chapter XXV, 
434. 

Langley, Samuel P. (1834-1906), Ameri- 
can astrophysicist, his invention of 
the bolometer, 435. Portrait of, 436. 

Laplace, Simon (1749-1827), French 
mathematical astronomer, his nebu- 
lar hypothesis, 270. His influence, 273. 
Cited, 402. 

Lassell, William (1799-1880), with 
Bond, discovers satellite of Saturn, 

319. 

Latitude, determined by observation of 
a circumpolar star, 137. Terrestrial, 
how simply determined, 562. 

Laws of planetary motion, discovered 
by Kepler, 148. Kepler’s third law, 
154 - 

Leavitt, Miss H., American astronomer, 
discovers relation between luminosity 
and variation period of Cepheid vari- 
ables, 457. Portrait of, 458. 

Leavitt— Shapley— Aitken: Stars That 
Are Different, Chapter XXX, 455. 

Lcavitt-S h a p 1 e y Period-Luminosity 
Law, supports the theory of great 
distance of spiral nebulae, 478. 

Leo XIII, Pope, his estimate of the 
spirit of the Catholic Church, 127. 

Leverrier, Urbain Jean Joseph (iSii- 
1877), French mathematician, Por- 
trait of, 313. Calculates position of 
undiscovered planet, Neptune, 313. 
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Calculated orbit of a hypothetical in- 
terior planet, never discovered, 316. 

Library, of the Ptolemies, at Alexan- 
dria, 48. 

Libration of the moon in longitude, de- 
fined by Dr. Abbot, 562. 

Lick Observatory, a catalogue of spec- 
troscopic binaries, 370. 

Light, its speed measured by Roemer, 
200. Diagram to illustrate the dis- 
covery, 201. 

Light-year, illustrated in terms of 
thread, 490. Defined and elucidated, 
563 - 

Limb, of sun, planet, or satellite, de- 
fined, 563. 

Lippershey, Johannes, Dutch optician, 
invented telescope, 156. Portrait of, 
157 - 

Lockyer, Sir Joseph Norman (1836- 
1920), English astronomer, discovers 
helium, in the sun, 360. Personality 
and genius, 374. His open-mindedness, 

376. Compared with Galileo and Kep- 
ler, 377. His dissociation hypothesis, 

377. ffis meteoritic hypothesis, 378. 
His position estimated by Prof. Rus- 
sell, 381, 

Longitude, inadequately determined by 
Columbus, 107. Terrestrial and celes- 
tial explicated, 564. 

Lowell, Perdval (1855-1916), studies of 
Mars, 473. Predicted trans-Neptunian 
planet, 475. 

Lunation, defined as the lunar month- 
period, 564. 

Luther, Martin, opposed the Copernican 
astronomy, 144. 

Maestlin, teacher of Kepler, 142. Forced 
to oppose Copernican system on the- 
ological grounds, 142. 

Magellanic clouds, studied by John 
Herschel, 456. The greater one de- 
picted, 457. Support the fantasy of a 
mirror-universe, 524-5. 

Magic Feats of Eratosthenes, The, 
Chapter I, 31. 

Magnetic Sun Spots, 4x9. 

Magnitude of stars, explained, with list 
of first-magnitude stars, 564, 599. 

Malvasia, described a micrometer in 
1662, 197. 

Maps of stars, in this book, 600 seq. 


Mars, hypothetical visitor from, 56. 
Explanation of seemingly looped or- 
bit, 70. 

Maskelyne, Nevil (1732-1811), English 
Astronomer Royal, portrait of, 24S. 
He measures a mountain, and proves 
that the earth is dense at core, 249. 
Illustration to show how he weighed 
the mountain, 249. 

Mass, its relation to weight, 580. Lum- 
inosity law, explicated, 567. 

Matter, annihilation of, posited by Sir 
James Jeans, 511. Is it distributed 
everywhere in space? S3i- Inter-stel- 
lar, interferes with light-rays, 532. 
Its possible creation in **empty’^ space, 
533 - 

Matter and energy, perhaps mutually 
transmutable, 445. 

Maurolico, Francesco (i494-iS7S); bis 
Cosmographia, 115. 

Maury, Miss A. C., studied spectro- 
scopic binaries, 369. 

Mean solar day, defined, 556. 

Measurement, of stars with interfer- 
ometer, 447, 448. 

Measuring the earth, methods of Era- 
tosthenes, 31. The Arabs attempt to 
improve on the measurement of 
Eratosthenes, 88. 

Micanique Celeste, the great mathe- 
matical work of Laplace, 269. 

Mechanism of the heavens, the Egyp- 
tian conception, 60. 

Mediaeval Period, astronomy in the, 
97 - 

Melotte, discovers retrograde satellite of 
Jupiter, 393. 

Mercury, epicycles of as conceived by 
Arabians, 95. As morning star, il- 
lustrated, 1 1 7. 

Meridian, defined with explications, 

567. 

Meteorite, doubtful relation to meteor, 

567. 

Meteoritic Hypothesis, cosmogonic 
scheme of Sir Norman Lockyer, 378. 

Meteors, probably of cometary origin, 

331. 

Michelson, A. A., American physicist, 
his interferometer referred to, 439. 
Use of his interferometer at Mt. Wil- 
son, 447, 448. His interferometer ex- 
plained, 56 X. Cited, 403. 

Micrometer, adapted to the telescope by 
Huygens, X94. How it aids the as- 
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tronomcr, 197. The filar, devised by 
Malvasia, 197. 

Milky Way, correctly interpreted by 
Anaxagoras as consisting of multi- 
tudes of small stars, 52. Believed by 
Anaxagoras to be due to the earth’s 
shadow, 52. See Galaxy. 

Miller, William Allen (1817-1870), as- 
sociated with Huggins in stellar pho- 
tography, 357. 

Millikan, E. E., his “Cosmic Ray” may 
result from creation of matter in 
space, 427. His studies of cosmic rays, 
535 - 

Milne, his estimate of electronic action 
cited by Eddington, 430. 

Mira Ceti, Among the largest of meas- 
ured stars, 449, 450. 

Mirrored universe, conception of, 579. 
The conception supported by, nebulae 
and star clusters, 524. 

Mohammed Aboul Wefaal-Bouzdjani, 
Arabian astronomer, doubtful dis- 
coverer of the third inequality of the 
moon, 90. 

Molyneux, James Bradley’s associate in 
early aberration studies, 223. 

Moon, known by the ancients to shine 
by reflected light, 43. Its distance 
provisionally measured by Hippar- 
chus, 73. Craters and mountains on, 
depicted, 160. Its acceleration studied 
by Adams and Helmholtz, 323. 
Budded from the earth, according to 
Darwin, 325, May return to the 
earth, 326. Its destruction forecast by 
Jeans, 515. 

Moon’s phases, correctly interpreted by 
Ahaxagoras, 52. 

Moon’s third inequality, doubtfully dis- 
covered by an Arabian astronomer, 
90. 

Moslem World, The — ^Thc Arabs Hold 
The Torch, Chapter V, 87. 

Moslems, introduce Arabic numerals, 

88 . 

Moulton, T. R., American astronomer, 
with Chamberlin, develops a theory 
of world-making, 386. His mathe- 
matical refutation of the Laplacian 
hypothesis, 393. Explains origin of 
spiral nebulae, 396. Cited, 403. 

Navigators, all use the zenith-angle 
principle of Eratosthenes, 4a* 
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Nebula in Orion, its spectrum photo- 
graphed by Huggins, and by Henry 
Draper, 358. 

Nebulae, their spectra studied by Hug- 
gins, 347. Different types revealed by 
the spectroscope, 349. Spiral nebula 
in Canes Venatici depicted, 385. 
Modern studies of, 483. Character of 
planetary, 485. The rotation of spirals 
verified, 487. Different types de- 
picted, 94, 95, 96, 97, 98. Rotation 
of arms of spirals tested by various 
astronomers, 487. Number of nebu- 
lae estimated, 489. Distance esti- 
mated, 489-90. Our galaxy may be a 
spiral nebula, 502. Their location sup- 
ports the theory of a mirrored uni- 
verse, 524. 

Nebula, Spiral, studied by Keeler, 383. 
As mother of worlds, 386. Moulton’s 
theory of their origin, 396. 

Nebular hypothesis, of Kant, 266. Of 
Laplace, 270. 

Nebulium, name given a seeming ele- 
ment discovered in Nebula, 349. 
Proved by Bowen to be ionized oxy- 
gen and hydrogen, 349. 

Neptune, Eighth major planet, discov- 
ered by Dr. Galle, on data furnished 
by Leverrier, 314. 

New Astronomy, technique of, 403. 

Newcomb, Simon (1835-1909), Ameri- 
can astronomer, his comment on Hip- 
parchus, 79. His estimate of solar 
parallax, 413. His estimate of the 
law of gravitation, 559. 

New Cosmology and Cosmogony. Book 

Vm, 475. 

New Era, slow dawn of, 103. Dawned 
with the coming of Copernicus, m. 

Newton, The Coming of. Chapter XIII, 
180. 

Newton, Isaac (1642-1727), his modest 
c.xplanation of his own success, 79. 
Early history, 180. Determines the 
composition of white light, 182. Dis- 
covers and exposits the law of gravi- 
tation, 184. His early calculations of 
the principle of gravitation, 186. His 
demonstration of gravitation between 
earth and moon illustrated, x86. Op- 
position to the new law, 189. Esti- 
mates of his genius, 189. Devised a 
reflecting telescope, 198. His reflect- 
ing telescope depicted, 198. 

New Astronomy, The. Part VI, 333. 
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New stars, or novae, one seen by Hip- 
parchus in 134 B. C., 74. One studied 
by Tycho Brahe, 138. Spectra studied 
by Huggins, 466. 

Nicaea, Council of, 99, 

Nichelson, discovers retrograde satel- 
lite of Jupiter, 393. 

Nicols and Hull, their sensitive radi- 
ometer, 437. 

Nile, Egyptian river, supposed by the 
Egyptians to communicate at its 
source with the celestial river where 
the sun god traveled, 59. 

Nodes of an orbit, defined, 568. 

Norman Lockyer — Stars In The Mak- 
ing, Chapter XXV, 371- 

Novae, see New Stars. 

Nutation, discovered by Bradley, 228. 

Objective, or eye-piece, different types 
illustrated, 194. 

Olbers, Heinrich Wilhelm Mathias 
(1758-1840), German physician-as- 
tronomer, his personality, 281. His 
study of comets, 284. Discovers the 
second planetoid, 281, 285, His the- 
ory of the origin of planetoids, 286. 
Cited, 417. 

Old Cosmogonies and New. Chapter 
XXXIV, S08. 

Opposition, of a superior planet, de- 
fined, 568. 

Origin of Species, Darwin’s, its publi- 
cation cited as the greatest event in 
human history, 335. 

Owen, John, the Puritan, his estimate 
of the Copernican system, 235, 

Parallax, defined and explicated, 568. 
Of sun, measured by Flamsteed and 
his associates, 176. Method for de- 
termining, illustrated, 204, 205. How 
Eros* photographs were utilized, 41 1. 
How determined, 412. 

Parallax of stars, Bradley’s unsuccess- 
ful parallax studies, 232. Tested by 
Struve and by Bessel, 294. Difficulties 
overcome in measuring, 300. Tested 
by spectroscopic methods, 479. 

Parmenides, disciple of Pythagoras; the 
doctrine of the round earth some- 
times ascribed to him, 52. 

Pease, Dr., measures stars with the in- 
terferometer, 447, 448. Importance of 


the star measurements, 479- Tests ro- 
tation of arms of spiral nebulae, 487. 

Perihelion, defined, 569. 

Peirce, Benjamin (1809-1880), Ameri- 
can mathematical astronomer, proved 
mathematically that the rings of Sat- 
urn cannot be solid, 321. 

Pendulum, used to determine altitude, 
580. 

Pendulum, Foucault, explained and 
depicted, 558. 

Period-luminosity law, Sir James 
Jeans estimates its accuracy, 463. Ap- 
^ied to test the depths of sidereal 
space, 463. See Chapter XXX, 455. 

Perrinc, discovers satellites of Jupiter, 
393. 

Philolaus, disciple of Pythagoras; the 
doctrine of the round earth some- 
times ascribed to him, 52. 

Phoebe, Anomalous satellite of Saturn, 
390. 

Photography and the New Astronomy, 
404. 

Photometry, developed at Harvard, 359. 

Piazzi, Giuseppe (1746-1826), Italian 
astronomer, discovers the first plane- 
toid, or asteroid, 277. 

Piazzi — Olbers: A Galaxy of New 
Worlds. Chapter XX, 277. 

Picard, French astronomer, His new 
measurement of a degree of latitude, 
188. Named as devising a micrometer, 

197. 

Pickering, Edward Charles (1846-1919), 
American astronomer, portrait of, 

365. Investigations in photometry, 

366. Methods of taking star portraits, 
366. Report on spectroscopic binaries, 
369-70. Studied the variability of Al- 
gol, 469-70. 

Pickering, William Henry, discovers new 
satellites of Saturn, 320. Studying 
star negatives, 390. Discovered the 
anomalous Phoebe, satellite of Sat- 
urn, 390. His thesis that planets turn 
up-side-down, 392. 

Planck, his quantum theory cited, 425,- 

‘‘Planck curves” cited, 442. 

Planetesimal Theory of Chamberlin and 
Moulton, 387. Solves many puzzles, 
393. Recalled by theory of Jeans, 514. 

Planetoid, the first discovered by Pi- 
azzi, 277. 

Planets, relative sizes pictorially repre- 
sented, 318. Pictured against the face 
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of the sun, 320. Albedo of, explained, 
545. Aphelion of, explained, 547, 
Listed, with data, 569. 

Plaskett, Dr. J. S., studies of star 
speeds, 443. His discovery of the 
heaviest star, 500. His spectroscopic 
studies reveal cosmic clouds in space, 
S 7 I. 

Plummer, H. C., his independent dis- 
covery of star streams, 496. 

Poor, Charles Lane, his estimate of Ein- 
stcinian gravitation, 560. 

Precession of the equinoxes, discovered 
by Hipparchus, 75. Explanation of, 
diagrammatically illustrated, 77. 
Compared to a spinning top, 76. Dis- 
covered by Hipparchus through com- 
parison with Babylonian and Egyp- 
tian records, 214. 

Prominences of the sun, how studied, 

570* 

Proper motion, of stars, discovered by 
Halley, 214. Studied by Bradley, 229. 

Ptolemy (Claudius Ptolemaus), the last 
great astronomer of antiquity, 80. 
Portrait of, 82. Discovered an un- 
recorded irregularity of the moon^s 
motion, 81. His famous Atmagesty 
83. His geography used by Columbus, 
85. Makes a faulty estimate of the 
length of a degree at the equator, 83. 

Pyramids of Egypt, oriented astronom- 
ically, 56. 

Pythagoras, early Greek philosopher, 
said to have originated and taught 
the doctrine of the round earth, 52. 

Pythagorians, regarded the circle as the 
perfect figure, 66. 

Quadrant, one of Tycho^s quadrants 
depicted, 132. 

Quantum theory of Planck, cited, 425* 

Radiometer, to test the energy of the 
stars, 437. Reduction, of a star’s po- 
sition explained, 570. 

Refracting telescope, as compared with 
rcOectors, S7i« 

Refraction, atmospheric, studied by Al- 
haxen, 92. Explained and illustrated, 
570, S 7 X. 

Relativity, Prof. Einstein’s celebrated 
theory characterized, 572. The eclipse 
test criticized with illustrations, 572* 

Richer, associated with Cassini and 
Flamsteed in determining solar paral- 
lax, 274. 
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Right ascension, how calculated, 75. 
Explained, 573. 

Roche, his gravitational theory. 
“Roche’s limit,” 396. His theory ac- 
cepted by modern cosmologists, 515. 

Roche’s limit, applied to moon, 325. 
Explained, 396, Applied to the origin 
of nebulae and to Saturn’s rings, 397. 

Roemer, Olaus (1644-1710), Danish as- 
tronomer, discovers that light is 
finite, and measures its speed, 200. 
Diagram illustrating the discovery, 
201. 

Rosse, Lord. William Parsons, Earl of 
Rosse (1800-1867), portrait of, 348. 
His six-foot telescope resolves nebu- 
lae, 348. 

Rowland, Henry Augustus (1848-1901), 
American physicist, perfected the 
ruled-Iined spectroscope (refraction 
grating), 576. 

Russell, Henry Norris, American as- 
tronomer, his estimate of Sir Norman 
Lockyer, 381. Collected data as to 
star magnitudes, 445. His new esti- 
mate of star history, 445. Makes new 
interpretation of Draper classification, 
446. His theory held to be challenged 
by white-dwarf studies, 454. His the- 
ory still plausible, 455. Cited, 403. 

Rutherford-Bohr atom exploited and 
challenged, 424. 

Rutherford, Lewis Morris (1816-1892), 
American astronomer, photographs 
the moon, 356. 

St. Augustine, denied the existence of 
Antipodcans, 219. 

Satellites, comment on, 574. 

Saturn, its ring interpreted by Huy- 
gens, 200. The division in its ring 
discovered by Cassini, 200. Crape 
ring discovered independently by 
Bond and by Dawes, 320. Depicted 
with its rings, 322. Rings proved to 
be made up of particles, 321. The 
anomalous satellite, Phoebe, 390. Its 
rings lie within Roche’s limits, 397. 
Its rings explained on basis of 
Roche’s limit, 515. 

Savary, confirmed law of gravitation 
from orbits of double stars, 288. 

Schiaparelli, Giovanni Virginio (1835- 
1910), Italian astronomer, portrait 
of, 331. Linked meteor showers with 
comets, 331. 
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Schwabe — ^Hale — Eddington: The New 
Sun, Chapter XXIX, 415. 

Schwabe, Samuel Henrich (1789-1875), 
received gold medal of Royal Astro- 
nomical Society for work on sun 
spots, 41S, 417- 

Secchi, Father Angelo (1818-1878), 
Italian astronomer, took eclipse pho- 
tographs in 1854, 356. Invented a 
spectroscopic method, 366. A pioneer 
in classifying stars, 439. 

Seasons, as correctly explained by 
Copernicus, illustrated, 118. 

See, T. J. J., his capture theory of 
asteroids, 396. 

Seven, sacredness of the number with 
Babylonians, based on the number of 
known planets, 61. Extension of the) 
idea of sacredness of the number, 
63. 

Sextant, explained and illustrated, 574. 

Shapley, Harlow, quoted as to the 
Harvard photometry, 366. Saw impli- 
cations of Miss Leavitt’s luminosity 
law, 460. Made the Cepheid variable 
field his own, 462. His theory of the 
nature of Cepheid variables, 464. 
Estimates some nebulae in Comma 
Virgo as 100,000,000 light-years dis- 
tant, 490. Thinks the Scorpius-Sagit- 
tarius region the probable center of 
our galaity, 493. Outlines a scheme of 
the universe, 503-4. 

Sidereal day, defined, 556. 

Sirius, ten thousand times brighter than 
its companion, 452. 

Slipher, V. M., tests rotation of arms 
of nebulae, 4S7. Reports new planet, 
474. 

Smart, W. R., English astronomer, 
quoted as to the Draper classification 
of stars, 440. 

Solar day, mean, defined, 556. 

Solar system, magnified by researches 
of Flamsteed, Cassini, and Richter, 
174. Presented diagrammatically, 317. 
Sir John Herschel’s model of, 318. 
Whither is it bound? 481. Its annual 
shift of 367,000,000 miles, 494. 

Solar yard-sti(i, how established, 410, 

Solstices, the sun’s position at, meas- 
ured by Eratosthenes, 32, 37. 

Space, conceived as closing in on itself, 
528. Is it full of matter? 531. 

Spectroheliograph, invented by Dr. 
Hale, 419. 


Spectroscope, a necromantic instrument, 
336. Measures star speeds, 361. Used 
to determine star parallax, 446. Test- 
ing star parallax with, 478. Tests the 
sun’s flight, 482. Summary of its ac- 
tion, 5/6. 

Spectroscopic Binaries, studied by Miss 
A. C. Maury, 369. 

Spectrum, first analyzed by Newton, 
182. Of stars, as showing their chemi- 
cal nature, 438. The meaning of the 
lines in, interpreted by Kirchhoff 
and Bunsen, 343. 

Spheres, imaginary, revolving to carry 
the sun, moon, planets, and stars, in 
the scheme of Eudoxus, 53. 

Spiral Nebulae, their great distance sup- 
ported by Leavitt-Shapley law, 418. 
Discrepant measurements of move- 
ment of matter in arms of, 487. Are 
their seeming speeds actual? 525. 

Spirits of heaven, Babylonians recog- 
nised, 62, 300. 

Star, circumpolar, observed for deter- 
mination of latitude, 137. 

Star-charts, one made by Eratosthenes, 
74. Of Babylonians, transmitted to 
Greece by Alexander, 75. That of 
Hipparchus, with more than a thou- 
sand stars, the most important pre- 
served from antiquity, 79. Original, 
in this book, following 600. 

Star-distances, illustrated by rolls of 
surgeon’s plaster, 307. Sodnding the 
Universe, 372. Tested by many meth- 
ods, 479- 

Star movement, tested with spectro- 
scope, 362. 

Stars, proper motion discovered by 
Halley, 214. Brought to earth, 335, 
Early photographs of Vega and Cas- 
tor, 353. Invisible, weighed, 363. 
Dark, as terms in the cosmic scries, 
380. Streams of, discovered by Kap- 
teyn and Boss, 405. Movement of, 
studied by Campbell, 406. Their en- 
ergy and substance, 437. Their sub- 
stance often the equivalent of a high 
vacuum, 439. According to the Draper 
classification, 440. The Draper scale 
interpreted, 442. Motions and origins, 
443. Their life history, 444, Direct 
measurement of, 448. Dark stars 
probably numberless, 47 a. Of the 
same type have same surface bright- 
ness, 479. Number of, 480, Their num- 
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ber illustrated, 480. Neighborly groups 
of, 497- Their relative sizes calcu- 
lated by Eddington, 499. Young, 
move slowly, 501. Their creation de- 
scribed, 508. Star growth according 
to Jeans, 513. Seven quadrillion years 
as a convenient unit of age, 516. Are 
their distances illusory? 527. List of 
those of first magnitude, 366. Num- 
bers and distance discussed with table, 
576-7, Sizes, according to Eddington, 
578. Sixty brightest listed, 599. Charts 
of, in this book, following 600. 

Stars, dark, discovered by Bessel, 303. 

Stars, Double, study by William Her- 
schel, 262. 

Star portraits, the Harvard library of, 
364- 

Star Spectrums, revealing ^‘hydrogen’* 
stars, “helium** stars, etc., 438. 

Star Streams, their discovery by Kap- 
teyn and Plummer independently, 
496. 

Strabo, Roman biographer, mentioned 
as a successor of Eratosthenes, 81. 

Stromberg, his estimate of a “preferen- 
tial way’* in the galaxy, 502-3. 

Struve, Friedrich Georg Wilhelm (1793- 
1864), Russian astronomer, studies of 
double stars, 288. Portrait of, 289. 
Parallax studies, 294. Measures the 
parallax of a star, 299. Discoverer of 
binary stars, 472. 

Sun, created as a light to rule the day, 
29. Its distance as determined by 
Aristarchus of Samos, 34. Believed 
by Aristarchus to be the center of 
the universe, 34. Its angular distance 
from the zenith gives a clue to the 
earth’s size, 36. Its zenith angle meas- 
ured by Eratosthenes, 38. Its annual 
variation in latitude explained by 
Eratosthenes dubiously, 40. Its dis- 
tance measured by Aristarchus, 44. 
Regarded as a ball of molten iron by 
Anaxagoras, 52- Its movements inter- 
preted by the epicycles of Eudoxus, 
33. Its unequal journeys between the 
equinoxes discovered by Hipparchus, 
66. On a cart-wheel, to illustrate epi- 
cycles, 68, Eclipse of, depicted, 73- 
Stands still for Joshua, 129. Moves 
backward for Hezekiah, 130. Rela- 
tive apparent size from different 
planets, illustrated, 316. Depicted in 
contrast with the planets, 320. Vari- 
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ous methods of determining its dis- 
tance, 412. Its general surface, 422. 
Its energy and new atomic theory, 
424. Possible destruction of matter 
in, 427. Is it losing weight? 428. Old 
and new concepts of its heat, 431. 
Its size, in relation to the moon’s 
orbit graphically illustrated, 431.. Old 
view of its habitability, 433. Its flight 
tested with the spectroscope, 482. Do 
we see it mirrored as many stars? 
523. 

Sun’s eccentricity, demonstrated by 
Hipparchus, 65. 

Sun spots, periodicity of, 418. Magnetic, 
419. Double magnetic cycle revealed, 
421. And magnetic storms, 422. 
Synodic, see Lunation, 364. 

Telescope, reflecting, devised by Newton, 

198. Of Cassegraine, 199. Of Gregory, 

199. Their earlier types illustrated, 
199. Reflecting, on English equatorial 
mounting, depicted, 293. Refracting, 
the discovery of, 156. Improvements 
that brought results, 193. Of 210- 
foot length devised by Huygens, 196. 
New sights added to precision, 214. 
Portable transit instruments illus- 
trated, 292. Simple altazimuth mount- 
ing illustrated, 293. English equatorial 
mounting illustrated, 294, Perfected 
by Fraunhofer, 339. Refracting and 
reflecting compared, 378, 

Thales, first Greek astronomer, pre- 
dicted a solar eclipse, 51. 

The Eros Campaign of 1900 — ^Perfecting 
The Solar Yardstick, Chapter 
XXVIII, 407. 

The Mirrored Universe — ^An Astro- 
nomic Fantasy, Chapter XXXV, 578. 
The New Heavens. Book VII, 399. 
Theocracy, Athanasian, made safe in 
Europe by Constantine, 99. 

Top, a spinning, used to illustrate the 
precession of the equinoxes, 76. 
Transit instrument, its uses explained, 

579. 

Transit of Venus, as seen by Horrox, 
X67. Illustrated diagrammatically, 203. 
Trans-Neptunian planet, why predicted, 
316. Discovered, 473. 

Turner, Herbert Hall, English astron- 
omer, his studies suggest double sun- 
spot cycle, 431 * 
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Twelve centuries of astronomical prog- 
ress (325-1543, A. D.), 99. 

Twilight, explained by the Arabian as- 
tronomer Alhazen, 91. 

Tycho Brahe, the Great Observer. Chap- 
ter IX, 128. 

Tycho Brahe (1546-1601), Danish as- 
tronomer, did not accept Copernican 
system, 13 1, His famous observatory, 
132. One of his quadrants depicted, 
132. His modified Copernican system, 
134. Proved the crystalline spheres 
intangible, 136. Advanced lunar 
theory, 136. Determined latitude by 
observation of a circumpolar star, 

137. Studied a miraculous new star, 

138. Last great astronomer-astrolo- 
ger, 140. Succeeded by Kepler, 146- 

Universe, HerschePs conception of, 258. 
Conception of a mirrored, 519. Does 
it conserve energy? 529. 

Uranometria, of John Bayer, constella- 
tions adapted from, 143, 146, 148, 
151, 154. 

Uranus, discovered by William Her- 
schel, 255. 

Urban VIII, Pope, his logical stand 
against Galileo, 165. 

Usher, Arch-bishop, his famous chro- 
nolopr contrasted with modem con- 
ceptions, 5*7, 

Van Maanen, measures the movement 
of matter in arms of spiral nebulae, 
487. 

Variable stars, the Cepheid variables, 
459, 462. Cepheids as distance gauges, 
461. The Algol type, 469. Long term, 
studied by Goo^cke, 470. 

Vega (Alpha Lyrae), with Castor, first 
star to be photographed, 353. 

Venus, as evening star, illustrated, 117. 
Transit of, first observed by Horrox, 
167. Depicted diagrammatically, 205. 

Vogel, his spectroscopic demonstration 
of the character of Algol cited, 469, 

Vulcan, name given a h3^othetical in- 
terior planet never discovered, 316. 

Week, of seven days, devised by Baby- 
lonians in recognition of seven planet- 
deities, 62. 

Weight, its relation to mass, 580. 

Wesley, John, his estimate of New- 
tonian astronomy and witchcraft, 
23S- 


Whipple, associated with Bond in early 
photography of stars, 353. 

Whiston, William, his Theory of the 
Earth, 211. 

White Dwarf stars, the companion of 
Sirius, 451. Extraordinary density, 
452. The companion of Sirius tested 
by spectroscope, 453, 

Wolf, tests rotation of arms of spiral 
nebulae, 487* 

Wollaston, William Hyde (1766-1828), 
English physicist, portrait of, 338. 
First to see lines in the spectrum, 338. 

World, measured by the shadow of a 
gnomon, 32. Conceived as a flat disk 
afloat on primordial waters by the 
orientals, 51. The round, conceived 
by the Pythagorians, 52. The round, 
challenged by ecclesiastical authori- 
ties, 109. 

Wright - Lambert - Maskelync: From 
Milky Way to Earth-Sore, Chapter 
XVII, 23S. 

Wright, Thomas (1711-1786), English 
physician, \his speculation on the 
Milky Way, 239. Cited, 403. 

Wright, W. H., tests rotation of arms 
of spiral nebulae, 487. 

Year, the length of, known to early 
Egyptians, 56. 

Years, three types explained, 580. 

Young, Charles Augustus (1834-1908), 
American astronomer, his tabic illus- 
trating B ode’s Law quoted, 279. 
Crow-quill sketch of, 415. On solar 
parallax, 4x2. 

Zeeman, Pieter, Dutch physicist, dis- 
covery of the effect of magnetism on 
light (“Zeeman effect”), 420, 

Zenith, defined and its importance ex- 
plicated, 581. 

Zenith angle, the angle of the sun’s 
distance from the zenith, used in 
measuring the world, 35. Illustrated 
diagrammatically, 39. Defined and 
illustrated in its relation to astronom- 
ical observations and navigation, 582, 

^583, 584, 585, 587, 589, 591, 593. 

Zodiac, constellations of, named by the 
Egyptians, 56. Defined and its con- 
stellations cited, 584. 

Zollner, Johann Karl Friedrich (1834- 
1882), studied cometary theory, 328* 



A NOTE ABOUT THE AUTHOR 


Dr. Henry Smith Williams, B.Sc., M.D., LL.D., occu- 
pies a unique place in the scientific and literary world. His 
professional reputation as a physician was gained largely by 
work with the microscope and the writing of technical arti- 
cles on the brain and mind. At 28 he was selected for the 
position of Medical Superintendent of a large metropolitan 
hospital. Subsequently he practised as a neurologist and psy- 
chiatrist in New York for several years; then went abroad 
for a sojourn in Europe which, with two interruptions, ex- 
tended over a period of about ten years — devoted to in- 
tensive research in hospitals, museums, universities and 
libraries, with incidental study of art in Paris, Munich and 
Italy. 

The results of these studies appeared in the form of three 
vast works; The Historims* History of the World, The Art 
of Writing and A History of Science, aggregating 40 vol- 
umes, and in various minor works; and in numerous articles 
in magazines, contributions to the Encyclopaedia Britannica, 
and other learned works. Amid all these varied interests. Dr. 
Williams has found ample leisure to pursue consistently a 
boyhood enthusiasm for Astronomy which began when, as 
an eight-year-old, he noticed the discrepancy between the 
two accounts of creation in Genesis. He has contributed 
many magazine articles on new astronomical developments 
and has given much attention to the practical observational 
work which links Astronomy so closely with Navigation. 

Among his original scientific contributions to this 
field is his extension of Professor Wesener’s 
Floating-continent hypothesis dealing with 
the origin of the great land-masses. 










